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PREFACE. 



In this book I have endeavoured to give, with as much 
detail as was consistent with clearness, a description of the 
geological structure of England and Wales. 

The main object at which I have aimed, has been to enable 

any person, albeit little skilled in the science of geology, to 

readily ascertain the nature of the rocks of any part of the 

^country in which he may dwell, through which he may be 

travelling, or respecting which he may need information. 

I have, accordingly, made this book a geographical geology. 
Considering that every Englishman knows fairly well the 
position of the counties generally, while with his own county 
he is usually very familiar, T have written a separate account 
of the geology of each county. 

Taking the principal rock-masses, or geological fonnations 
in turn, I have traced the strata more or less minutely through 
each county, indicating the position and direction of the beds 
by naming the towns and villages situated upon the respective 
divisions of the rocks. An account of the nature, thickness, 
and characteristic fossils of each stratum is given, together 
with its economic products, its influence on the scenery of the 
district, and its value (if any) as a water-bearing bed. 

By the use of the Index each geological formation may be 
tracked throughout England, and its development and nature 
in one county compared with the conditions under which it 
occurs in any other: as a rule, each rock-bed has been 
described most fully in the county in which it occupies the 
largest area and is best displayed. 
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I have prefixed to the geological description of each county 
lists of (1) its scientific societies, (2) its musemns, (3) the 
maps and books of the Geological Survey referring to the 
county, (4) the more important books and papers written 
respecting its rocks by private workers. Altogether, I have 
given in this way the names of aibout 190 societies, 140 
museums, and about 700 titles of books, papers, &c. It will 
give some idea of the quantity of geological work w hich has 
been done by private individuals in England, when I state 
that I have consulted in the preparation of this book more 
than 4,000 papers, memoirs and pamphlets, mostly published 
in the transactions, journals, &c., of the various learned and 
local societies during the present century. 

Although, as (late) Curator of the Leicester Town Museum,^ 
and as Secretary to the Midland Union of Scientific Societies, 
I have had special facilities for the compilation of the above 
lists, I feel that they must necessarily be incomplete, and I 
would eamestlv ask for correction and assistance from all 
who are interested in the progress of geology. 

Many of the articles in this book have already appeared 
in print as part of the local topographies in the Post Office 
Directories of the Counties, published by Messrs. Kelly k Co., 
who are also the publishers of this w ork. 

It was, indeed, the interest excited by the articles in this 
form, as shown by the very numerous letters of enquiry on 
geological subjects, which were received after the publication 
of the Directory for any single county, that led to the com- 
pletion of the work, and its issue in its present form. 

To Mr. E. R. Kelly I would tender my sincere thanks for 
the personal interest which he has shown in this book, and for 
the great pains which he has taken to help me in its prepara- 
tion. 

A preliminary list of text-books, &c., on geology will 
be found at j). xxv., including such as should, at least, be 
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possessed bv everj' public librarj-; few provincial libraries, 
however, contain even those here enumerated, and the want 
of books of reference \^ a great hindrance to country- 
workers. 

I have received help from many quarters, which it is my 
dut\' gratefully to acknowledge. Having had occasion to 
consult every map which has been drawn, and everj'line that 
has been written by the officers of the Geological Surrey of 
England, I wish to Ijear special testimony to the high value, 
thorough accuracy, and the immense painstaking, e^-inced by 
their work ; to the Director-Greneral of the Survev — Professor 
Ramsay — I am indebted for the kind permission to copy from 
the publisheil memoirs of the Sunev nearlv all the sections 
which illustnite this IxKik ; sections which are es[>ecially 
valuable since thev have in all cases lieen drawn and measured 
on the si>ot, and are records of facts and not of theories. Tlie 
cuts of flint implements are copied from Mr. John Evans's 
great work — "^'The Ancient Stone Implements of Great 
Britain,'' and those of fossils from Professor Nicholson's 
equally unique book on Pakeontologj*. 

Many geologists have personally aided me, and I would 
heartily thank Messrs. W. Whitaker, H. B. Woodward, 
T. Davidson, W. Adams (of Cardifl), E. B. Marten (of 
Stourbridge), C. Moore, S. Allport, John Evans, Grenville 
Cole, E. Wilson (of Nottingham), Professors Judd, RujK^rt 
Jones and Lebour, the Rev. P. B. Brodie, and the Rev. 
H. W. Crosskev, for the readiness i^ith which thev have at 
all times aflbrded me help and information. I would also 
thank the hundreds of local geologists whose papers I have 
read, and whose labours I have utiUzed; their indi^ndual 
work is, I trust, in each case recognized in connection with 
the countv to which their discoveries refer. 

To the Council of the Greolomcal Societ\' I am indebted 
for the loan of the blocks for Figs. 55 and 56, originally 
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drawn to illustrate my paper on the Rbaetic Beds in their 
^' Quarterly JournaL" 

The compilation of this book has occupied my leisure time 
for a long period, but if it be found a handy work of geological 
reference by the general enquirer, and also j)rove useful to 
the local student by showing him what is known of his 
district, and where to go for further information, the objects 
which I had in view in ^vriting it will hav<^ been fully attained. 

W. JEROME HARRISON. 
Birmingfiam^ Nov., 1881. 
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THE PRINCIPLES OF GEOLOGY. 



CHAPTER L 

Thk object of this book being to describe as simply as pos- 
sible, yet with a fair amount of detail, the nature, arrange- 
ment and history of the rocks of England and Wales, it seems 
advisable, in a few preliminary pages, to explain briefly the , 
main facts and principles of geological science, such as can 
be only shortly alluded to, or a knowledge of which must be 
taken for granted in the body of the work. 

Objects of Geology. — The Historic Period dates back some 
5,000 years from the present time ; here the task of the 
geologist begins, and his work extends backwards to the 
time when the world first became fit to be the habitation 
of living beings. With the origin of the eiirth, or of the 
solar system, geology is not strictly concerned ; these are 
questions for the astronomer and the physicist. 

W^hat the geologist aims at, is to endeavour to explain, as 
far as possible, all the changes which our planet has passed 
through since its surface was first composed of land and 
water. For this purpose we find it necessary carefully to 
study all the natural phenomena which are now taking 
place, such as volcanoes, earthquakes, the action of the sea, 
of rivers, ice, &c., the forms and habits of organized beings, 
&c. For we believe that the forces which are now acting 
on our globe are those which have acted during the past, 
and so we explain the past by the aid of the present. 
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If the science of geology could be perfected, it would enable 
us to reconstruct the j^hysical geography of any given epoch; 
to say exactly what was then the arrangement of seas and 
continents, and with what kind of life they were peoj)led. 
Although through the imperfection of the geological record we 
can never hope to attain this crmiplete knowledge, yet the 
approach we can make towards it is of the highest interest 
and importance. 

The broad principles of geology are very simple and easily 
comprehended, and a knowledge of them would prove a 
source of pleasure and profit to ever}'^one : the scenery which 
surrounds us, the soil beneath our feet, the mineral treasures 
beneath that soil, the sites of our towns and villages, the 
occupations of the people, the nature of the water we drink, 
and countless other fiacts which meet us in our every-day life, 
p all depend upon the science of geology for their reasonable 
explanation. By bringing home to every one's door, a de- 
scription of the geology of the district in which they live, it 
is hoped that this book will render the ac4|uisition of such 
knowledge more easy and direct. 

The Elements. — By chemical analysis it has been found 
that all the matter which we have l>een able to examine, and 
which constitutes all the known part of our glol)e and its sur- 
roundings, is made up of about seventy simple substances, 
called the elements. Of these, the gas called oxygen is by 
far the most abundant, constituting about one-half by weight 
of the earth's crust, while an element called silicon forms 
one-quarter ; if to these two non-metals we add the six 
metals, aluminium, iron, calcium, magnesium, sodium and 
potassium, we shall have ninety-nine hundredths of the 
weight of the solid exterior of the earth now known to us. 

Minerals. — The elements, with the exception of a few of 
the metals, as gold, silver, Ac, are rarely found in a pure or 
separate state ; two, three, or more of them generally occur 
combined chemically with one another, forming what we 
call minerals. A mineral may l^e defined as an inorganic 
homogeneous (ue., having a definite chemical composition; 
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substance occurring naturally in the crust of the earth. Some 
thousands of minerals are now known, and as examples we 
will describe a few of the commonest. 

Quartz, composed of oxygen and silicon (Si. 0^), crystal- 
lizes in six-sided prisms and pyramids ; so hard that it 
cannot be scratched by a knife ; usually colourless or white. 
Sand is formed of small broken-up particles of quartz. 
Rock-crystal, amethyst, cairngorm, cat's-eye, and avauturine 
are all forms of quartz ; chalcedony, cornelian, bloodstone, 
agate, flint, jasper and opal, consist of quartz combined with 
a small quantity of water, the various colours being mostly 
due to minute quantities of oxide of iron. 

Felspar, — The name of a group of minerals, all being 
silicates of alumina combined with other silicates, usually 
of potash, soda, lime, or iron; can be scratched with difficulty 
by a knife ; colour usually white or flesh-colour. 

Mica. — Also the name of a group, characterised by readily 
splitting into thin plates. 

The above three minerals —quartz, felspar, and mica — 
are the essential ingredients of granite. 

Calcite or Calc-spar, — Crystallized carbonate of lime, 
(Ca. C. O3) consisting of calcium, carbon, and oxygen; 
effervesces with acids (strong vinegar will do), and can be 
readily scratched by a knife. Colour usually white ; also 
called dog-tooth spar, satin spar, and Iceland spar. The 
cavern-deposits called stalactites and stalagmite, and the 
well-known rocks named calcareous tufa, chalk, and lime- 
stone, are also composed of carbonate of lime. 

Gypsum — Sulphate of lime, (Ca. S. 0^), composed of 
calcium, sulphur and oxygen ; can be scratched by the 
finger-nail. When crystallized is called selenite, or, when 
pure and compact, alabaster. 

Fluor-spar, — Fluoride of calcium (Ca. F^), composed of 
calcium and fluorine ; commonly called Blue John; occurs 
in beautiful cubical crystals. 

Rock-salt, — Composed of sodium and chlorine (Na. CI.) ; 
readily recognised by its taste. 
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Rocks. — Of minerals such as we have been describing all 
rocks are formed. Sometimes a rock, as limestone, is formed 
of one kind of mineral only, but more generally two or more 
minerals occur mingled together and forming a rock. 

In the geological use of the term rock, the idea of hard- 
ness, which we are so apt to associate with it, must be 
utterly discarded. A rock is any substance which makes a 
definite bed or layer in the crust of the earth, no matter 
whether it be soft and yielding like clay or sand, or hard 
and impenetrable like granite or sandstone. 

The diversity of rocks, like that of minerals, is very great, 
and it is only of late years that their study has made much 
progress, at least in this country. First of all we classify 
rocks according to their origin, terming those Igneous which 
seem to have been melted by heat: we call others Aqueous 
which show signs of having accumulated in water; while 
a sub-class, linking these two together, is found in the 
Metamorphic Rocks, for these bear evidence of having been 
subjected to great heat (and other agencies also) which^ 
however, was not enough to melt them. 

Aqueous Rocks. — These are, with a little care, readily 
recognised. In the first place they are made up of irregular 
fragments, such as flakes of mud or grains of sand ; then 
they are stratified or arranged in beds or layers, just as 
these particles settled down on the bottoms of the old seas or 
lakes in which the aqueous rocks were formed ; and, again, 
they often contain the remains of animals or plants {fossils) 
which inhabited or were carried into the waters and, dyit^g, 
became ultimately enclosed in the sedimentary matter which 
was accumulating then, as now, on the ocean floor. 

When clayey matter pi'edominates tlie rock is teimed 
argillaceous ; if sandy, arenaceous ; or if limy, calcareous. 

Igneous Rocks are crystalline ; sometimes the crystals of 
which they are composed are so minute as to be only visible 
when a very thin slice of the rock is examined under the 
microscope. Tlie igneous rocks occur in irregular masses of 
variable extent, which break .through and alter the neigh- 
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bouring aqueous rocks. Of course we cannot expect to find 
any fossils in them. If the nebular theory be correct, ac- 
cording to which the earth has cooled down from a molten 
mass to its present condition, then the rocks which formed 
the first crust of our planet must all have belonged to this 
igneous division ; but of these no trace now remains, all have 
been removed by the incessantly operating forces of denuda- 
tion since that far distant period, whose most probable date 
is now fixed bv scientists at about one hundred millions of 
years ago. The exact i>eriod in years, geologists do not pro- 
fess to be able to determine ; but it is certain that our earth 
is of exceeding antiquity, and we believe in its great age 
because the evidence given by the rocks reveals changes, f(»r 
whose accomplishment periods of time would be required, 
which we may attempt to estimate in figures, but whose 
real significance the human mind can scarcely appreciate. 
Igneous rocks which have cooled down and solidified at 
great depths are called Plutonic. These include granite, 
syenite, felstone, quartz-porphyry or elvans, &c. When we 
take blocks of these rocks and melt them, we find that they 
cool down to stony masses quite different in appearance from 
the original rocks. The fact is that such rocks as granite 
have been formed in the earth's interior by processes which 
we cannot imitate. They have been produced by a moist 
heat, acting tor perhaps many years or even centuries, and 
aided by the pressure of thousands of feet of superincumbent 
rocks. Tlie chemical force, too, has come into play, aided 
by those electric and magnetic currents which are con- 
tinually traversing the earth's crust, and the result is a 
-crystalline mass which we have not yet been able to imitate 
in the laboratorv. 

The division of igneous rocks called Volcanic^ includes such 
as have been poured forth in a melted state at the surface, or 
have cooled down from a liquid condition at no great depth, 
or under water. Of modern volcanic rocks, lava and vol- 
canic ashes are well known ; basalt, pitchstone, and trachyte 
represent the lava of old times ; while the coarse slates of 
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Wales, Cumberland, Charnwood Forest, &c , are for the most 
part only volcanic ashes, which have been consolidated and 
hardened. 

Metamorpkic Rocks form a sub-class linking together the 
two great divisions of the aqueous and igneous rocks. They 
include gneiss and mica-schist, which are probably altered 
slate, slate itself, quartzite or altered sandstone, marble or 
crystalline limestone, and many other varieties. Such rocks 
generally occur in the immediate neighbourhood of large 
masses of igneous rocks, and can often be traced passing into 
ordinary aqueous rocks on the one hand, while they l>ecome 
more highly altered as their proximity to the igneots mass 
increases. This is often well shown by the thin beds of 
basalt which occur in the coal measures; the shale for a few 
inches on either side of the basalt is greatly hardened and 
converted into porcellanite ; the next foot or so of rock is 
slightly hardened; but further off no effects are visible. 
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CHAPTER II. 

Internal Heat of the Earth. — Very numerous obser- 
vations have shown, that in mines or bore-holes the heat of 
the rocks increases at the rate of one degree Fahrenheit for 
every 50 or 60 feet we go down, (not counting the first 
hundred feet, the temperature of which varies with the 
seasons). If the heat continues to increase at this rate, it 
must be sufficient, at a depth of 30 or 40 miles, to melt 
any known substance, supposing the experiment were tried 
at the earth's surface. But in considering what would 
happen at a great depth, we must take into account the 
influence of the enormous pressure which would be exerted 
there, by the weight of all the rocks between the given point 
and the surface; for we know that the greater the pressure, 
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the greater will be the heat required to melt any substance. 
In this way the increased pressure tends to counteract the 
increased heat as we go downwards, and it is now considered 
probable that the earth is solid to the very centre. 

Thus, our earth is still cooling, and the internal heat 
which it now has, is probably only a fraction of that which it 
possessed when in the liquid state, or when, still earlier, it 
formed with the other members of the solar system a mighty 
gaseous cloud or nebula. 

Movements of the Earth's Crust. — It is an almost 
universal law. that as substances cool they contract, there- 
fore " a cooling earth is a contracting earth." As matters 
now stand, the interior or " nucleus " of our earth is cooling 
more rjipidly in proportion than the outer portion or " crust." 
The latter endeavours to follow and accommodate itself to the 
shrinking nucleus, and in doing this it is thrown into ridges 
and hollows which form our continents and ocean basins. 
This shrinking is continuous in its action, although being so 
gradual its eflfects only become visible in the course of cen- 
turies. Thus we now know that while the extreme south of 
the Scandinavian peninsula is sinking, all the northern 
portion is slowly rising, so that raised beaches occur at North 
Cape, at an elevation of 600 feet above sea-level : Greenland 
is oscillating in a similar manner. Mr. Darwin, too, has shown 
that the occurrence of the Coral Islands, known as Atolls and 
Barrier Reefs, is only explicable by supposing the coral 
polyp to build upwards on slowly sinking land. 

Where the rocks yield to the pressure, they are thrown into 
long curves, and every chain of mountains shows this folding, 
sometimes in a very marked manner; yet we know that these 
rock-beds were originally deposited in a horizontal position on 
the sea-floor : they must, therefore, ewe their present undu- 
lations to the contracting forces to which we have alluded. 

When the rocks break along the line of pressure, instead 
of yielding to it, we have faults produced, for the elevation 
or depression is then confined to one side of the fault, and so 
beds which were once continuous, become dislocated and 
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parted : thus the Coal-meaBures of the centre of Scotland 
owe their preservation to their situation between two great 
faults, one of which runs across the country from Stone- 
haven to the Firth nf Clyde, and the other from Dunbar to 
the coast of Ayr ; all the Iwds between these two faults are, 
geologically speaking, some two or three miles below their 
proper position as compared with the rocks which form 
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the Highlands on the one hand, and the Lammermuir Hills 
and Lead Hills on the other. 

Arrahqehekt of Bock Masseb. — Wheu layers of rock 
(strata) lie ia a horizontal position, we judge that they have 
been elevated very evenly, for we know that they were de- 
posited horizontally on the floors of seas, although we uow 
sec them perhaps hundreds or thousands of feet al>ove the 
level of the ocean. 
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Scnrceiy any stratum, however, retains this exact horizon- 
tality over a large area; we shall, if we follow it, fiod it 
ioclinino; or dipping in one direction, and rising in the 
opposite nntil it "crops out," i.e., comes to the surface. 
The older rocks we shall find, as a rule, much more sharply 
inclined, sometimes even standing on end or vertical. 

Dip. —The amount measured in degrees by which any 
rock-bed deviates from horizoniality is termed its dip ; this 
amount, or angle of dip, is determined br an instruiiieat called 
a clinometer; it is also necessary to find the •Irret^ion of 
dip, which is of course done by a compass : tints we may 




find that a bed is dipping 20 degrees to the south, or 35 
degrees to the north-east, &c., &c. : the dip cannot, of course, 
exceed 90 degrees, as the strata are then vertical. 

Strike. — This word is said to be derived from the German 
streiehen, to extend ; it is a hue drawn at right angles to 
the dip. The term "strike" is often confounded with the 
OUTCROP of strata ; the two, however, will only coincide (1) 
when the surface of the ground is perfectly level, or (2) when 
the beds are vertical. In a hilly country composed of beds 
dipping at a moderate angle, the outcrop or line along which 
the strata come to the surface, will be found to zigzag down 
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the valleys and ap the hiils ; while so long as the dip remains 






coaatant, the strike is iiivariable ; 
, thus if beds dip to the east their 
^^ strike must be due north and south ; 
^ if the dip is to the south-east the 
■i a strike will run from north-east to 
• I south-west. When traced for auy 
Ssj distance, it will generally be found 
g|| tlmt the outcrop agrees with the 
^1^ strike in its general direction. This 
l°| is well seen iu the case of the 
•^■J" Secondary Rocks which run across 
ijrf England from Yorkshire to Dorset, 
||| Curves ok Strata.— It may ho 
I"?! useful to explain briefly, two terms 
lil '■* ^^""y common use, which are ap- 
^|3 plied to the folds or undulations of 
asS beds of rock. When the Inids dip 
tfEf away on either hand from a central 
Ijl" line or axis, we call the arriuige- 
« • «' ment an anticlikal curve or saddle ; 
.^- we might imitate it by putting a 
^■| numlwr of ridge-tiles one upon the 
*" ■3i| other. The reverse of this arrange- 
Ill ment is where the beds dip down 
5j^ to meet each other, forming a syn- 
. ^jj CLiKAL curve or trough ; a nest or 
** f » ■ set of basins fitting one witliin the 
I "I other might roughly reiircHcnt audi 
^*- an arrangement. (Sou figo, 13, 4.) 
At first sight wo should expect 
to find tlie strata wliicli fonn the 
hills and mountains luranged iti 
anticlinal cnrves. with mcka lying 
in synclinal curves forming the 
valleys between. Such mijiht pos- 
sibly be the result if the rocks 
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remained unaltered, after tliey were elevated above the sea ; 
hut a very little geological study shows that our mountains 
liave been carved out, by atmos- 
pheric forces acting since that ui>- 
heaval. 

Dknudatiox — The Sea. — treological 
examination shows that nine-tenths 
of the land is composed of aqaeous 
rocks, t.e., of rocks wliicli have accu- 
mulated as grains of sand or flakes of 
mud on ocean flocra. When we con- ^ 
sider the effect of the waves upon any f 
mass of matter slowly rising above » r 
the sea, we can understand the wonder = 
wliich has been expressed by able s. 
geographers that there should be any i 
land at all! But the sea does not s 
cease its assaults npou the land, al- s 
tliough the latter may rise far above I 
it ; contiDually on every coast the | 
waters dash upon the shore; where ; 
the cliffs are lofty they are rapidly | 
undermined and worn linck, the de- e- ^ 
struction being mainly effected by the j 
hurling against the cliffs of blocks \ 
whicli have been detached by frost, 3 
&c., the rocks thus being made to aid f 
in their own destruction. On the east 
coast of England, where therti are 
cliffs of clay, the waste has been , 
especially rapid, being at the rate of ' 
from one to three feet per annum. 

Atmo»p/,eric Ai/enriea. — AVhile the 
wearing action of the sea is confined ^ 
to the coast line, the denuding agencies 
which are classed together under the term " atmospheric," 
have ior their field of work the whole area of the land, and 
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the effects they produce are correspondingly more powerful. 
liain loosens the particles of rocks and carries the sand and 
iwud into rivers; moreover by virtue of the carbonic acid 
which* it contains, it dissolves limestone rocks. Itfver^ wear 
away their beds and banks, and tmnsport all the detritus 
onwards towards the sea ; it is estimated that an average 
river lowers the surface of the country it drains, at the mte 
of one foot in 0,000 years. Now, as the average elevation 
of the land but little exceeds 1,000 feet, it is evident that in 
the course of six millions of years (if there were no counter- 
acting agencies) the whole of the land would have been 
removed by this powerful agent of denudation and cast into 
the sea. 

Ice in the form of glaciers, bergs, and avalanches, exercises 
an eroding action ; the conversion of water into ice by cold 
has a. powerful influence in rending or splitting off blocks of 
rock, for water expands when it freezes, and the force so 
exerted, being a molecular one, is practically irresistible : 
this is the origin of Ihe piles of freshly fallen stones, 
** screes" as they are often called, which we find each 
spring at the foot of almost every mountain crag. 

These are the principal agents of denudation — the sea, rain 
and rivers, ice and frost ; by their combined action the out- 
lines of continents are being changed, and the scenery 
altered. The work is done so slowly that a human lifetime 
is too short to recognise the universality of these changes ; 
but they are sure though slow. The hills we see are not 
those which our fathers saw, though the amount of altera- 
tion is so small as to be practically unrecognisable. 

Denudation Counteracted by Upheaval. — As we have 
every reason to believe that the denuding forces have been 
at work for an enormous period of time, in fact, ever since 
the formation of a solid earth, it may naturally be inquired 
l\ow it is that any land is left. Why has it not been entirely 
worn away ? The answer to this point will be found in those 
movements of the earth's crust to which we have already 
alluded ; the slow rising of large areas, together with more 
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sudden upheavals in regions where volcanic forces are active, 
have so counteracted the denuding forces, that probably the 
relative proportions of land and sea have always remained 
constant or nearly so. 



CHAPTER III. 

The Study of Fossils, or Palaeontology. — Lyell defines 
a fossil as " any body, or the traces of the existence of any 
body, whether animal or vegetable, which has been buried in 
the earth by natural causes." The art of finding and recog- 
nising fossils requires considerable practice ; wcn-kmen, as a 
rule, only notice those which are large and unmistakable ; it 
is necessary to look very closely, very slowly, and very often 
at the rocks, and to have, moreover, some idea of what ta 
look for ; which will be best gained by previous examination 
of specimens, such as may be seen in museums or in the 
private collections of our friends. 

It is, however, much easier to find fossils than to be able 
to correctly describe and recognise them when found. Tlie 
only way to do this is first to acquire some familiarity with 
the structure and classification of living animals and plants. 
Thus marine shells constitute the majority of the ordinary 
fossils we find embedded in rocks, but only their hard parts 
occur, and these are commonly imperfect ; the living forms, 
however, we can obtain complete and perfect, we cun study 
their habits, modes of life, and places of occurrence; in fact,, 
all true knowledge of the life of the past must be founded 
upon a study of the animals and plants which now exist,. 
and which are, indeed, the descendants, modified, it is true^ 
by many causes, of those which formerly peopled the earth. 
Students of geology frequently complain as to the 
difficulty of obtaining good texfc-boQks treating pf fossils ; 
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\mt the fjurt is these gmmblers wish to begin at the wron^ 
end ; they shoold first take up the study of living things, 
(Zoology or Botany), and then they will find the fossil forms 
easy of comprehension. 

Classificatiox of Fossils. — ^As we have pointe^l out 
above, it is impossible to separate the study of the pa<t life 
of the gloVie from the study of the living beings which 
eijst on its surfece to-dav. The ^rreat di£Bcultv in the 
former task is the incompleteness and imperfection of the 
materials m-ith which we have to work. Thus in the ro?ks 
we find onlv the scantiest traces of land animals : their 
bones decaved awav on the surfiice of the land on which thev 
died* Of the multitude of creatures which possessed no hard 
parts we can evidently scarcely hope to find traces. Then 
the beds of arjueous rocks which form our earth's crust are 
only a tithe of tho$e which have been formed and swept 
away ; while the excavations or openings where fossils may 
be gathere«l. bear a much smaller prc^jordon to the vast 
e3q)anse of land* than a pin-prick in the rind of an orange 
does to its mhole exterior. Considering these (acts, the 
progress which has been made in pakpontok>gy is sur- 
prising, and the results are of the highest interest. Speaking 
Woadlv. it mav be said, that as we sro backwards in time 
to older and older rocks we find them to c^i^ntain a greater 
proportion of simply organized beings. We di^c»>ver. too, 
numerous ferms fi>r which it is difficult or imp:<<ssible to find 
a place in a elassificatioa derived €^j firom a study of Iivinsr 
beings. These are the extinct sp-ecies. and they generally 
serve to fill up gaps in any gocd system* linking t»>^etheT 
groups of animals or plants which now seem wf.lely 'iiff-^r- 
cnt. bat which mar nevertheless have a ojmm'>Q aa-^it^rrv. 
In \^^ Prot Morris in his Catalogue of Brirsh F'.s.^ils 
enumerated 5.300 species : Mr. Etheri'ige's ut-v »!atal':»gne 
contains 1->.0C*I>. This feet al»xie suffi«!es to sL*:'W the srrestt 
prosres* which the ifsieficit of palaEC'QCoLi'gy has matie an-i L^ 
making. 

Fa9»l VerteimteM^ — Of tiie anfmafe p:ysse«*ing a veneoral 
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column, or backbone, the oldest known to us is a fish 
which occurs in the Upper Silurian strata. Amphibians 
appear in Carboniferous rocks, and true reptiles in the 
Permian. The sandstones of the Trias contain foot-prints 
which are probably those of birds^ but no actual remains 
of birds have yet been found older than those in the 
Middle Oolite (Soleuhofen Stone) of Grermany. Small 
mammals of the lowest type (marsupials) appear in the 
Rhfetic Formation, but no remains of large mammals have 
yet been met with in either Palaeozoic or Mesozoic deposits. 

Fossil Invertebrates, — Tlie creatures without a backbone 
are now usually classified in five or six sub-kingdoms. 
First come the Protozoa, including microscopic animals, 
US the for ami nifer a and infusoria, and among larger forms 
the sponges. If the Eozoon of Canada be a true fossil, then 
the foraminifera date back to the Laurentian Epoch, and 
are the oldest known fossils. These minute animals occur 
in great numbers in almost all later r^xjks, forming the 
great mass of the chalk and of some other limestones. 
Sponges first appear in the Cambrian rocks of Wales and 
Canada. 

The Ccelenterata are divided into two classes — (1) 
the Hydrozoaj and (2) the Actinozoa, Of the former, the 
Graptolites are an important example, characterising the 
Silurian rocks. Corals belong to the Actinozoa, and first 
appear in Lower Silurian beds. 

The sub-kingdom Annuloida includes the sea-urchins, 
star-fishes, crinoids, &c.; these date back to Cambrian and 
Silurian times. 

To the sub-kingdom Annulosa belong the worms^ whose 
tracks and burrows are found in Cambrian and possibly even 
in Laurentian strata. Here, too, are placed the crustaceans, 
whose first important representatives were the trilobites. 
which lived from the Cambrian to the Carboniferous age. 
True insects first occur in the Devonian rocks of North 
America. 

The most highly-organized invertebrates are the Mollusc a, 
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which form perhaps the most important class of all fossils^ 
Oldest of all shells are the Brachiopodaj which have two 
representatives in the very lowest group of the Cambrian 
rocks of St. David's (South Wales). The first common 
bivalves (Lamellibranchiata or Conchifera) are found in Upper 
Cambrian strata (Lingula Flags), and here too the first 
univalves (Gasteropoda) come in. The most highly organized 
mollusk§ are the Cephalopoda, of which the oldest is a 
straight form called Orthoceraa, found in the Tremadoe 
Slates (Upper Cambrian) : in Lower Silurian rocks that 
long-lived genus the Nautilus is found, whose descendants 
still swim in tropical seas ; but the Ammonite and Belemnite 
are confined to Secondary (Mesozoic) strata. 

Fossil Plants. — The oldest plant remains are impres- 
sions of sea-weeds in the Cambrian beds, but thev are of a 
doubtful and obscure nature. The earliest known true land- 
plants come from the Upper Silurian rocks, and are allied 
to our club-mosses. In Devonian rocks ferns and horsetails 
appear, and here too the first trees are met wil:h : they 
evidently belonged to the Conifers or pine and fir order. Of 
flowering plants and ordinary trees, such as the oak, &c., we 
find scarcely a trace before Upper Cretaceous times. 

Use of Fossils. — From the examination of a number 
of fossils, and very often from an inspection of a single speci- 
men only, a skilled geologist is enabled to form an opinion, 
as to the age of the beds of rock from which the fossils have 
come. Large sums of money have been spent in this country 
in boring or sinking for coal, in rocks which lie underneath 
the coal measures, and this fact would have been recognised 
if the persons who superintended such works had had even 
an elementary acquaintance with the science of geology. The 
fact is that particular species of fossils characterize different 
stratttj every species having a limit, above or below which it 
rarely if ever occurs. Thus, suppose we found in a quarry 
a specimen of i4«»»ww2Y^« BucklandiyWe should feel certain 
that the rock from which we extracted it belonged to th e 
Lower Lias, for this fosail has neyer been found in an 
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otlier strata. It was, indeed, the great discovery of William 
Smith, the " Father of English Geology," that strata 
could be identified by their fossil remains. 

How TO FIND OUT THE NaME OF A FoSSIL. — Of COUFSe 

the easiest plan is to send the specimen to a person who is a 
skilled palaeontologist. If, for instance, we forwar<l it to 
the editor of tliat excellent periodical, *^ Science Gossip " 
(3, St. Martin's place, Trafalgar square), we shall probably 
get a satisfactory reply in the next number, and this is a 
great boon to dwellers in the country. 

When we live near a good museum, or have access to the 
private collections of geologists, we can compare the specimen, 
whose name we wish to find out, with those exhibited. In 
addition, tlie volumes of the Pah^ontographical Society 
(established for tlie purpose of figuring the whole of the 
British fossils) will be of the greatest use, while Professor 
Nicholson's Manual of Palaeontology will also be very useful. 
The localities of all fossils collected, should always be care- 
fully marked upon them in ink, in some inconspicuous place 
at the earliest ])ossible moment. 



CHAPTER IV. 

Geology of England. — England includes a wonderful 
variety of rock-beds or strata; but up to the year 1790 no 
one seems to have noticed that these beds follow one another 
in a regular and definite order, lying one upon the other, 
with a general inclination, slant, or dip to the south-east. 
A civil engineer and surveyor, named William Smith, dis- 
covered this fact, and worked it out so far as he was able. 
In his large geological map, published in 1815, we see bands 
of colour running across the country from north-east to 
south-west, each band of colour representing the outcrop, 
or surface area, occupied by any set of beds or formation. 
By this term formation^ we mean a group or series of beds 
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having some characters in common, such as similarity of 
dip, occurrence of the same fossils throughout, &c. In 
consequence of this arrangement of the strata, it is possible 
to walk on tlie edge of one and the same kind of rock, start- 
ing, say, from the coast of Dorset, and continuing in a 
north-east direction through Northampton and Leicester to 
Yorkshire. On this line we should find the clays and 
limestones b»th of the Lias and the Oolite running right 
across England. A traveller who goes in the opposite 
direction, or from London to Holyhead, meets with a con- 
tinual variation of rocks : this is because he is crossing 
the line of strike and outcrop of the strata. 

The Geological Survey. — ^This is a department of 
Government which is charged with the thorough examina- 
tion and mapping of the rocks of the United Kingdom. 
It was established by Sir Henry de la Beche, in 1835, 
and under him and his able successors, Murchison and 
Ramsay, the work has been carried on with great accuracy 
and efficiency. The Maps, Sections and Memoirs, published 
by the Geological Survey, are simply indispensable to 
everj' working geologist. The purchase of such as relate to 
his own neighbourhood, should be one of the first steps taken 
by anyone who wants to study the geolog}^ of the district 
in which he dwells. 

Paleozoic Rocks (from palaios, ancient, and zoe^ life : 
also called Primar}"). These are the old rocks which form 
most of Wales, the Lake District and Cornwall, together 
with the coal-fields of our western and northern counties: 
their total thickness is enormous, being from 70,000 to 
100,000 feet. Owing to their antiquity, they have under- 
gone far greater changes than the newer strata, which 
rest upon them and form the centre and east of England, 
The Palaeozoic strata are sub-divided into thp following 
formations : — 

6. Permian. 

5. Carboniferous. 

4. Devonian, or Old Red Sandstone. 
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3. Silurian. 

2. Cambrian. 

1. Pre-Cambrian, or Laurentian. 

The strata below the Carboniferous beds have been so 
altered, broken, dislocated and disturbed since their for- 
mation, that their arrangement and classification was for 
many years considered a hopeless task by the early geologists. 
But between 1830 and 1840 they were vigorously attacked 
and reduced to order by Sir Roderick Murchison and Pro- 
fessor Sedgwick. They contain many fossils, but these are all 
of extinct forms, differing widely from the animals and 
plants which now exist. The Palaeozoic formations are rich 
in minerals, indeed our coal, lead, tin, zinc, &c. (and g, 
large proportion of our iron) are exclusively obtained 
from them. 

Mesozoic Rocks (7neso8, middle, and zoe, life). — Resting 
on the Palaeozoic Rocks come the strata which form the 
middle and much of the east of England : they are often 
spoken of as the Secondary strata. 

They include five formations: — 

11. Chalk, or Cretaceous. 

10. Oolite. 

9. Lias. 

8. Rhaetic. 

7. Trias. 

These are formed by alternations of beds of clay with 
limestones and sandstones, and the total thickness may be 
estimated at from 8,000 to 10,000 feet. The fossils are 
still all of extinct species, but in their forms they present 
a far greater similarity to those of the present day, than 
those met with in the older Palf^ozoic strata. The 
Secondary rocks are not rich in useful minerals, except 
iron-ore, which has of late years been largely extracted 
from the Middle Lias (in Cleveland), and Inferior Oolite 
(Northampton). 

Cainozoic Rocks {cainos, recent and zoe, life). — 
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This division includes the newei^t or latest formed strata, 
viz. : 

17. Recent or Post-Glacial Deposits ) Quaternary 
16. Pleistocene or Glacial Beds / Epoch. 

15. Pliocene "^ 

14. 3Iiocene f Tertiary 

13. Oligocene j EfKKjh. 

12. Eocene ) 

The extreme thickness of the Cainozoic rocks of England 
is about 2,500 feet. The lower beds (Eocene to Pliocene) 
occur only in two areas or " basins " — (1) the Loudon Basin, 
and (2) the Hampshire Basin. 

In the Eocene strata a few of the shells are identical with 
living forms, and the number goes on increasing until in 
the Pleistocene strata all the mollusks found fossil are of 
living species. 

Lastly, in the Iteeeni or Post-Glacial deposits, all the 
fossils whatever, whether shells or bones, kc, belong to 
yet living forms. 

Soils, and the Drift. — As all rocks wear away under 
the influences of the atmosphere, they become covered with 
a greater or less thickness of broken and softened matter, 
or " soil," which is a hindrance to their geological examina^ 
tion. In the south of England it is found useful to use a 
sort of sharpened steel cylinder, or "geological cheese 
taster," by which specimens can l>e brought up from a depth 
of two or three feet ; still, by exi>erience, a geologist soon 
learns to recognise the kind of soil which is produced by any 
given rock, 

T/ie Drift is a more serious obstacle to the study of the 
stratified rocks, which it covers over and conceals. It is 
the term applied to the masses of stony clay and sand left by 
glaciers and icebergs during the last glacial i>eriod; its 
absence south of the Thames probably indicates that these 
ice-masses did not then extend much beyond the line of that 
river. 
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LEARNED SOCIETIES OF ENGLAND, 

WHICH ARK CONNECTED WITH THE GENERAL STUDY OK 

GEOLOGY. 



GfiOLOGicAii Society of IjOsdon. EstHblished 1807. 

Head Quarters, Burlington Hou«e, Piccadilly, London. Candidates for 
membership must be proposed by three Fellows, to one of whom they must 
be known personally. Entrance fee, six ^ineas; annual subscription, two 
j^uineas. Number of Members, 1,400. 

Publish Quarterly Journal^ I/ongmans, 58. per number. 

The Mineralogical Society op Great Britain A5u Ireland. 

Entrance fee, one guinea ; annual subscription, one guinea. General Secretary, 
J. H. Collins, F.G.S., Truro. Number of Members, alK>ut 200. 

Publish the Mineralogical Magazive ; 28. quarterly, Simpkin, Marshall & Co. 

(Jeolooihts' Asso<'iation of London. Established 1858. 

Head Quarters, University College, Gower Street, London. Entrance fee. 
los. 6(1. Annual subscription, los. Number of Members, 420. 
Publish Proceedhign. Bogiie, is. 6d. j)er number. 

British Association for the Advancement of Science. Estal>lished 1831. 

Head Quarters, 22, Albemarle Street, London. Meetings held annually at 
the principal towns in the United Kingdom. Annual subscription, £1. 
Number of Members and Associates, about 3,000. 

Publish Annual Report. Mumiy, 2 is. 

The PaljEOntographical Society. 

Established 1847, for the purpose of iHguring and descriliing the whole of 
the British Fossils. Sul-wjcription, one guinea per annum. 

All the l>ack volumes are in stock, and may be obtained from the Hon. Sec, 
Rev. Thos. Wiltshire, 25, Granville Park, Lewisham, Kent, S.E. 

Up to and including the year 1881 the numl>er of species of fossils described 
in the volumes published annually by the Society was 4,934, illustrated l>y 
1,430 plates. 

I. MonographM which have been Completed and Itwued fo the Meinhern. 

The Carlxmiferous and Permian Foraminifera (the genus Fusulina excepted), 
by Mr. H. B. Brady. 

The Tertiary, Cretaceous, Oolitic, Devonian, and Silurian Corals, by MM. 
Milne Edwards and J. Haime. 

The Polyzoa of the Crag, by Mr. G. Busk. 

The Tertianr Echinodermata, by Professor Forbes. ' 

The Fossil Cirripedes, by Mr. C. Darwin. 

The Post-Tertiary P^ntomostraca, by Mr. G. S.Brady, the Rev. H. W. Cross- 
key, and Mr. D. Rol>ertson. 

The Tertiary Entomostraca, by Prof. T. Riipert Jones. 

The Cretaceous Entomostraca, by Prof. T. Rupert Jones. 

The Fossil Estheriae, by Prof. T. Rupert Jones. 

The Fossil Merostomata, by Mr. H. Woo<lward. 

The Tertiary, Cretaceous, Oolitic, Liassic, Permian. Carboniffrous, 
Devonian, and Silurian Brachiopoda, by Mr. T. Davidson. 
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The Eoeeue Bivalves, vol. i. and Supplement, by Mr. S. V. Woocl. 

The Eocene Cephalopoda and Univalves, vol. i., l>y Mr. F. E. Edwai-ds and 

Mr. S. V. AVood. 

The Mollusca of the Crag, by Mr. S. V. AVood. 

Supplement to the Crag MoUusca, by Mr. S. V. Wood. 

Second Supplement to the Crag Mollusoa, by Mr. S. V. Wood. 

The Great Oolite MoUusca, by Professor Morris and Dr. Lycett. 

The Trigonise, by Dr. Lycett. 

Tu t\ I*- I Echinodermata, vol. i., Echinoidea ) , t\ tir • i * 
rheOolmc^ _ • _ ii.;Asteroidea) l'^ »'• Wnpht. 

The Cretaceous (Upper) Cephalopoda, by Mr. D. Sharpe. 

The Fossils of the Permian Formation, by Professor King. 

The Kept ilia of the London Clay (and of the Bracklesham and other Ter 
Xxary Beils), by Professors Owen and Bell. 

The Beptilia of the Cretaceous, Wealden, and Purbeck Fomiiitions, by 
Professor Owen. 

The Fossil Mammalia of the Mesozoic Formations, by Professor Owen. 

The Fossil Elephants, by Professor Leith Adams. 

The Beptilia of the Liassic Formations, by Professor Owen. 

2. Monographs in Course of Puhl teat ton. 

The Eocene Flora, by Mr. J. S. Ganlner and Baron Ettingshausen. 

The Flora of the Carboniferous Formation, by Mr. E. W. Biuney. 

The Crjig Foraminifera, by Messrs. T. Rupert Jones, W. K. Parker, and 
H. B. Bnidv. 

Supplement to the Fossil Coi-als, by Dr. Duncaiu. 

The Echinodemiiita of the Cretaceous Formation, by Dr. Wright. 

The Carboniferous Entomostraca, by Messrs. T. Rupert Jones, J. AV. Kirkby, 
and G. S. Brjidy. 

The Trilobites of the Mountain-Limestone, Devonian, and Silurian Forma- 
tions, by Mr. J. AV. Salter (to be completed by Dr. H. AVoodward). 

The Malacostnicous Crustacea, by Professor Bell. 

Supplement to the Fossil Brachiopoda, by Mr. T. Davidson. 

The Ammonites of the Lias, by Dr. AV^right. 

The Belemnites, by Professor Phillips (to be completed by Mr. R. Etheridge). 

The Sirenoid and Crossopterygian Ganoids, by Professor Miall. 

The Fishes of the Carboniferous Formation, by Professor Traquair. 

The Fishes of the Old Retl Sandstone, by Messrs. J. Powrie and E. Ray 
I^inkester, and Professor Traqiwir. 

The Reptilia of the AVealden Formation (Supplements), by Professor Owen. 

The Reptilia of the Kimmeridge Clay, by Professor Owen. 

The Reptilia of the Mesozoic Formations, bv Professor Owen. 

The Pleistocene Mammalia, bv Messrs. Boyii Dawkins and W. A. Sanford. 

The Cetacea of the Crag, by Professor Owen. 
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Geological Survey of the United Kingdom. 



Head Office, 28, Jermyn Street, London, S.W. Director-General, Prof. A. 
C. Ramsay, LL.D., F.R.S. The staff for England consists of 36 geologists 
and assistants; for Ireland, 17 ; and for Scotland, 12. This is a Government 
Department, established under Sir Henry De la Beche in 1835, ^^r the purpose 
of examining, mapping, and describing the whole of the British strata. 
De la Beche was succeeded by Sir. R. I. Murchison, in 1855 ; and the latter by 
Prof. Ramsay, in 1 87 1. 

Commencing in the south-west counties and in Wales, the work of the 
Survey has been continuously advancing eastwards, until now (1881) only 
portions of the counties which lie on the east coast (Northumberland to 
Suffolk) remain unexamined. Here nearly the whole strength of the Survey 
is at present concentrated, and it is considered probable that the " one-inch 
map" will be finished by the end of 1885. 

Maps. — The general geological map is on the scale of i inch to i mile; it 
is published partly in sheets, price 8s. 6d. each, and partly in quarter-sheets, 
price 3s. each. Originally only the solid stratified rocks, or " deep deposits " 
were mapped ; but in 1866 it was resolved to show the superficial or drift 
deposits of clay, sand, &c., on a separate set of maps ; very few of the latter 
have, however, yet been published. Maps of the coal-fields are also published 
on a larger scale, viz., 6 inches to I mile. 

Horizontal Sections. — These illustrate the subterranean relations of the 
strata to a depth of i,000 feet, and give the true outline of the ground, and the 
actual inclination and thickness of the strata : 121 published, price 5s. each. 
Scale 6 inches to I mile. 

Vertical Sections. — These are arranged in columns on a scale of 40 feet to 
I inch, and show minutely the nature and relations of the different beds of 
rock. Sections of many colliery shafts are given. 63 have been published, 
price 3s. 6d. each. 

Memoirs^ Explanations^ ^-c. — Numerous and valuable works, written by the 
officers of the Survey, describing the strata laid down upon the maps, and the 
ores, fossils, &c., contained in them, have from time to time been officially 
published. 

Catalogues^ containing full particulars of all the publications, maps, &c., of 
the Geological Survey may be obtained from Stanford, Charing Cross ; 
Longmans, Paternoster Row, &c. 



(Bor particulars of Maps, (^'c, see Lists prefixed to each County.) 
{Bhr Works on Local Geology, see Lists prefixed to each County.) 




LIST OF THE MORE BIPOETANT BOOKS 

TREATING GENERALLY OF THE GEOLOGY OF ENGLAND AND 

WALES. 



Studcuts Elements of Geology, by Sir Clmrlej* Lyell. jrd edition. 
Murray, 1S78, 9«. 

Principles of Geology, by Sir C. Lyell. 12th edition. Murray, 2 vol*., 32s*. 

School Manual of Geolt^y, by Prof. Jukes. 3rd edition. A. and C. Black, 
1S76. 4s. 6d. 

Physical Geology*, by Prof. A. H. Green. 2nd edition. Riviiigtons, 
1880,' 1 2s. 6d. 

Text-Book of Geolc^', by Prof. A. Geikie. Maemillan, iSSi. 

Element > of Chemicjil and Physical Geology, by G. Bischof (Cavendish 
Society). 1S54. 3 vols., 50s. 

Outlines of Field Geology, by Prof. A. Geikie. 2nd edition. Maemillan, 
1879, 3s. 6d. 

Practicail Geology, by W. J. Harrison. Stewart, 187S, 2s. 

Field Geologv, by Penning and Jukes-Browne. 2nd edition. Bailliere, 
Tiudiill, and Cox, 1S79, 7s. 6d, 

To\»ii Geolog}*, by Rev. C. Kingsley. Strahan and Co., 1S72, 5s. 

Physiail Geology and Geography of Great Britain, by Prof. Ramsay. 5th 
edition. Stanfonl, 1878, 15s. 

Geology of England and AVales, by H. B. Woodwjirxl. Longmans, 1876, 14s. 

Records of the Rocks (Palaeozoic), by Rev. W. S. Symonds. Murray, 1872, 
I2s. 

Si luria (includes all the Palaeozoic Rocks), by Sir R. Murchison. 5th edition. 
Murray, 1872, l8s. 

Syno[»sis of the Classification of the British Palaeozoic Rocks, by Prof. 
Sedg>»-ick, Wliareham, 1855, 2ls. 

GeoK^y of Oxford and the Valley of the Thame>, by Prof. Phillij's. 
Maemillan, 1871, 2ls. 



Sy>tem of Minerali^', by J. D. Dana. Trubner, 42s. 
lext-lKx>k of Mineralogv*, by J. D. Dana. Trubner, iSs. 
Systematic Minemlt^y, by H. Bauerman. Longmans, 188 1, 6s. 
Glo^sa^y of Mineralt^y, by H. W. Bristow. Longman^, 1861, 6s. 

Study i»f Rocks (Petrology), by F. Rut ley. Longmans, 1S79, 4*- ^• 

Rocks. Clas>ifiet.l and Describeil, by Von Cotta (translated by Lawrence). 
Longmains. 1866, 14s. 

A Handy-Book of Rock Names, by G. H. Kinahan. Hardwicke, 1873. 4s. 

Building and Ornamental Stones of Great Britain ami Foreign Countries, by 
Prof. E. Hull. Maemillan, 1872, 12s. 

Rock-Metanu)rphism (or an old Chapter of the Geological Reconl), by 
Profs. King ami Rowney. Van Voi^rst, 1881. 

Mineral Slali>tics of the Uniteil Kingdom (Geoli^ical Suney Memoir). 
Publisheil anniutllv. Stanfonl, 2s. 

Economic (Jeohigy, by Dr. D. Page. Blackwooil, 1874, 7s. 6il. 

The CtKil-fii'Kls of Great Britain, by Prof. E. Hull. 4th iilition. 
Stanfonl. 1880, l6>. 
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Coal and Coal Mining, by W. W. Smyth. Lockwood, 1873, 3s. 6d. 
Report of the Royal Commission on Coal. Blue-book, 187 1. 
Mines and Miners, by L. Si'monin (translated by H. W. Bristow). 
Mackenzie, 1868, 42s. 

Manual of the MoUusca, by Dr. S. P. Woodward. Weale's series. 2nd 
edition. 1868, Lockwood, 6s. 6tl. 

A History of British Fossil Mammals and Birds, by Prof. R. Owen. 
London, 1846, 31s. 6d. 

The Mineral Conchology of Great Britain, by J. Sowerby. 6 vols. 1812-29 
(Quaritch), 16 guineas. 

Manual of Palaeontology, by Prof. Nicholson. Blackwood and Sous, 1879, 42s. 

Ancient Life-History of the Earth, by Prof. Nicholson. Blackwood and 
Sons, 1877, los. 6d. 

Characteristic Palaeozoic Fossils (British), by W. H. Baily. Van Voorst, 
1875,21s. 

Fossil Flora of Great Britain, by Lindley and Hutton. 1831-37 (Quaritch), 
5 guineas. 

Catalogue of the British Fossils, including about I5,CXX) species, by R. 
Etheridge. (In the press.) 

Catalogues of the Collection of Fossils in the Museum of Practical Geology, 
Jermyn Street, London. 

Catalogue of British Fossils, by Prof. J. Morris. 2nd edition. 1854. 

Monograph of British Graptolites, by Prof. Nicholson. Blackwood and 
Sons, 1872, Part L, 5s. , 

Illustrations of Fossil Plants, by Lindley and Hutton. Edited with Cata- 
logue, by Prof. Lebour. Reid, Newcastle-on-Tyne, 1879, 25s. 

Chart of British Tertiary Fossils (800 figures), by Lowry and Bone. 

Chart of Fossil Crustacea, by Woodward & Salter. Tennant, 1865, lOs. 6d. 

Chart of Characteristic British Fossils. S.P.C.K., 1853. 

A Monograph of the Gault, by F. G. H. Price. Taylor and Francis, 1880, 
3s. 6d. 

Volcanoes, by Prof. J. W. Judd. C. K. Paul & Co., 1881, 5s. 
Volcanoes, by G. P. Scrope. Longmans, 1872, 15s. 

Pre-historic Europe, by Dr. J. Geikie. Stanford, i88i, 25s. 
Climate and Time, by Dr. Croll. Bouge, 1875, 24s. 

The Great Ice Age, by Dr. James Geikie. 2nd edition. Isbister and Co., 
1876, 24s. 

Ancient Stone Implements of Great Britain, by John Evans. Longmans, 
1872, 28s. 

Ancient Bronze Implements, Weapons and Ornaments of Great Britain and 
Ireland, by John Evans. 509 pp., 540 wood-cwts. Longmans, 188 1, 25s. 

Geological Evidences of the Antiquity of Man, by Sir C. Lyell. 4t]i edition. 
Murray, 14s. 

Origin of Civilizaticm and the Primitive Condition of Man, l)y Sir J. 
Lubbock. Longmans, i8s. 

Transactions of the Congress of Prehistoric Archaeology at Norwich. 1868, 
Longmans. 
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Geological Map of England and Wales, by Prof. Ramsay. Stanford, 32s. 

Greenough's (Geological Map of England and Wales. Publislied by Goo- 
logical Society, in 6 sheets, 42s. 

Geological Map of England and Wales, by H. W. BristoM-. Lett's Poindar 
Atlas ; Part IV., price 7d. 



IMPOKTAST BOOKS TEEATISG OF GEOLOGY, xxvii 

BRITISH AtJ.SOCIATIOX ANNUAL REPORTS. 

ExpluratioQ of Kent's Cavern, Torquay, see vols, from 1865 to 1880. 
Increase of Underground Temperature, 1868 to 1881. 
Circulation of Underground "V^ aters in the New Red Sandstone, &c., 1875 
to 1881. 

Thermal Conductivities of Rocks, 1874 to 1879. 
Ernitic Blocks or Boulders, 1873 to 1881. 



The Geologist, a monthly magazine, editetl l»y S. J. Mackie, 1858 to 1864 
(June). 

The Geological Magazine, monthly, price is. 6d., edited by Dr. H. Wood- 
ward, 1864 (June) to 1881. 



The Geological Reconl (etliteil by W. Whitaker), contains titles and short 
abstracts of all works (British or foreign) on geology* published during the 
year. Commenced in 1874. Publishetl annually. London, Taylor and Francis, 
l6s. (to subscribers, lOs. 6i.l.). 



Catalogue ofthe Library of the Museum of Practical Geology and Geolo- 
gical Sur\*ey, by "White and Newton (al>out 28,C)CX) vols.). 1878, 15s. 

Catalt^ue of the Libmr}* of the Geological ISociety of London. Taylor 
and Francis, 1881, 8s. 

Wigan Free Library : Catalogue of Books and Papers on Mining, Metal- 
lurgy and Manufactures, by H. T. Folkanl. 1880. 

Catalogue of Scientific Papers (British and Foreign) published in Journals, 
Transactions, &c., l>etween 1800 and 1863, arranged under authors' names. 
Published by the Royal Society of London. Six vols., 20s. per vol., 1867-72. 

Second Series, containing Scientific Papers published between 1864 and 
1873. Two vols., 2a<. per vol., 1877-79. 



TITLES OF A FEW IMPOETANT PAPEES, 

TRK\TING GENERALLY OF THE GEOLOGY OF ENGLAND AND 

WALES. 



i860. Wright, Dr. T. - On the Zone of AvUtUa contorfa, and the Lower Lias 
of the South of England. Q. Joum. Geol. Soc., voL xvi. p. 374. 

1861. Moore, C. — On the Zones of the Lower Lias and the Avicula voutorta 

Zone (Rhsetic Beils). Q. Joum. Geol. Soc., vol. xvii. p. 483. 

1862. Ramsay, Prof. A. C. — The Glacial Origin of Certain Lakes. Q. Joum. 

Geol. Soc., vol. xviii. p. 185. 

1867. Moore, C. — Abnormal Conditions of the Secondary Formations in the 
South-West of England. Q. Joum. Geol. Soc., vol xxiii. p. 449. 

1869. Wooil, S. v., Junr. — Relation of the Boulder Clay without Chalk of the 
North of England to the Great Chalky Boulder Clay of the South. 
Q. ourJn. Geol. Soc., vol. xxvi. p. 90. 
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870. Brown, R. — On the Phy»ic» of Arctic Ice. Q- Joum. Geol. Soc., vol. 

xxvi. p. 671. 

871. Ramsay, Prof. A. C. — Phy»ical Relations of the New Red Marl, 

Rhsetic Beds, and Lower Lias. Q. Joum. GeoL iSoc., vol. 
xxvii. p. 189. 

871. Ranutay, Prof. A. C— The Red Rocks of England of Older Date than 

the Trias. Q. Joam. Geol. 80c., vol. xxvii. p. 241. 

872. Ramsay, Prof. A. C. — River Courses of England and Wales. Q. Joum. 

Geol, Soc., vol, xxviii. p. 148. 

875. Blake, Rev. J, F. — Kimmeridge Clay of England, Joum. Geol. Soc., 

vol. xxxi, p. 196. 

876. Penning, W. H. — Physical Geology of East Anglia during the Glacial 

Period. Joum. Geol. 80c., vol. xxxii. p. 191. 

877. Blake and Hudleston. — Corallian Rocks of England. Joum. Geol. S<x.'., 

vol, xxxii i. p. 260. 

877. Davidson, T. — What is a Brachiopod ? Geol. Mag., pp. 145, 199, 262. 

877. Wood, 8. v., Junr., and Harmer, F. W. — The Later Tertiary Geology of 
East Anglia. Q. Joum. Geol. 80c., vol. xxxiii. p. 74. 

877-8. Wood,8. v., Junr. — American and British Surface Geology. Geol. Mag. 

878-81. Taylor, J. E. — Our Common British Fossils and where to find them. 
Science Gossip. A Magazine, monthly, price 4d. 

879. Duncan, Prof. P. M. — The Carl>oniferous Formation. Report Briti.sh 
Assoc. (SheflSeld), p. 326. 

879. Mackintosh, D. — Boulders of West of England and East of Wales. 
Joum. Geol. Soc., vol. xxxv. p. 42$. 

879. Sorby, H. C. — Microscopical Researches on the Structure and Origin of 

Limestones. Geological Soc., Presidential Address, vol. xxxv. 

880. Blake, Rev. J. F. — Portland Rocks of England. Joum. Geol. Six*., 

vol. xxxvi. p. 189. 

880. Bonney, Prof. T. G. — Pre-Cambrian Rocks of Great Britain. Prcx*. 
Birmingham Philosphical Soc., vol. i., p. 140. 

880. Jukes Browne, A. J. -Sulxlivisions of the Chalk. Geol. Mag., p. 248, 

880. Sorby, H. C. — Microscopical Researches on the structure and origin of 

Non-Calcareous Rocks. Geological Soc., Presidential Address, vol. 
xxxvi. 
880-81, Howorth, H, H. — The Mammoth in Europe. Geol. Mag. pp. 561, 
198,251, 309»403. 

881. Etheridge R. — Analysis and Distribution of the British Palaeozoic 

Fossils (Presidential Address), GeoL Soc. vol. xxxvi i. 

881. Phillips, J. A, — Grits and Sandstones, their Constitution and History. 
Q. Joum. Geol, Soc., vol. xxxvii., p. 6. 

881. Spencer, Jas. — Recreations in Fossil Botany. Science Gossip. 

881. Williamson, Prof. W. C. -Organization of Fossil Plants of Cojtl 
Measures. Part x., Phil. Trans., vol. 171. 
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GEOLOGY OF BEDFORDSHIRE. 



Natural Histoky and StiENxiFic Societies*. 
IJedfoixlshire Natural History Society and Field Club. Proceedin^y. 

PUBLICATIOX.S OF THE GEOLOGICAL SUKVEY. 

Mapti. —Quarter Sheets : 46 N.E. Hitchin ; 46 S.E. Hatfield, Luton, Stevenage ; 
46 N.W. Newport Pagnel, Woburn ; 46 S.AV. Leighton Buzzard, Aylesbury, 
Iring. 

Books. — Geology of the London Basin, by W. Whitaker, 13s. 

Important Works or Papers ox Local Geology. 

1862. Wyatt, J. — Flint Implements, &c., in the Gravels of the Ouse. .Tourn. 

Get>l. Soc, vol. xviii. p. 113; xx. p. 183. 
1865. Whitaker, W. — On the Tottenihoe Stone. Journ. Geol. Soe., vol. xxi. 

p. 398. 
1873. Teall, J. J. H. — On the Potton and Wicken Deposits. Sedgwick Prize 

Essay : Cambridge. 

See ciho General Lint a, p. xxv. 



The rocks of Bedfordshire liave been cjirefully examined by different geologists, 
to whose thorough and minute work we owe our knowledge of the geological 
structure of the county. The beautiful maps, coloured so as to show exactly 
where each stratum reaches the surface, issued by the Geological Sur\'ey in 
1864 and '65, were chiefly the work of Messrs. Hull, Whitaker, Green, Biiuer- 
man and Howell, and it is to be regretted that they are not accompanied l)y 
full descriptive memoirs. Mr. Saunders, of Luton, has done good work in the 
Chalk district, and the coprolitic beds have been well described by Mr. Teall. 
To the surface geology Mr. J. Wyatt, of Bedford, has made most valuable 
contributions, and we also owe much to Professor H. G. Seeley, Dr. J. Mitchell, 
and others. The general structure of the county is plainly owing to the fact of 
the central line being occupied by a broad Ijaml of clay, to the north-west of 
which we have undulating ridges of limesttme, while on the south-east rises 
the chalk escarpment ; thus the town of Bedford is 100 feet above the sea level, 
whilst Luton is 351 feet, Dunstable 483 feet, and Dunstable Downs 799 feet 
respectively. As is usual, the oldest beds are found in the north-west of the 
coimty, and we shall commence with them. 

The Oolites. — The lower oolitic strata do not enter the county ; the well- 
known white limestone which we find in the north-west comer is of Great 
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Oolite age, being of the snme age as that which at Bath and elsewhere in tlie 
West of England furnishes such excellent building stone. We can trace it 
from Cold Brayiield by Carlton and Harrold, northwards to Puddington and 
Farndisli, and eastwards along the Ouse valley to the western suburbs of 
the town of Bedford, where it is seen in a stone pit on the north side of the 
Ouse, towards Kempston ; it is a compact stone, got in some places for lime- 
burning, but good sections of it are rare ; it is associated with bands of Great 
Oolite Clay, which form a cold, imkindly, but often well-wooded district. 
One or two small species of oyster, as Ostrea subnigulosa and O. Sowerhyi 
are common in the fossil state. 

The Cornhrash. — This very continuous l>and of reddish rubbly limestone can 
be traced from Newton Blossomville by Tur\-ey Farm, to just west of Paving- 
ham ; here it turns south, the outcrop having been worn back by the river Ouse, 
but at Wick End, about a mile north of Stagsden, it ceases to be traceable. We 
find it again on the east side of the Ouse in some brick-pits and lime-kilns, 
whence it curves round by Clapham to Oakley Hill, where it is cut off by an 
east and west fault, re-appearing at Milton Wood about a mile eastwards ; 
thence it runs northwards out^of the county by Milton Ernest and Souldrop. 
The width of the outcrop is remarkably even, averaging one-quarter of a 
mile. The beds appear nearly horizontal. Ostrea Marshii is the most fre- 
quently occurring fossil. 

Oxford Clay. — This is a bluish clay, weathering yellow, and several hundred 
feet thick, which occupies all the central and north-eastern portions of the 
county. At the base sandy beds locally occur, known as Kellaways Bock, 
forming a link between the Cornbrash, which was accumulated in shallow 
water, and the Oxford Clay, which was a deep-sea deposit. The latter forms 
a stiff retentive soil, which is largely in pasture, but it is often so deeply 
covered by surface deposits — to be noticed further on — as not to exercise any 
influence on the character of the soil ; it forms all the substratum of the Fens 
further north, and Professor H. G. Seeley lias proposed the name of Fen-clay for 
it, a term however which is only locally used ; it is largely dug for brick- 
making, and for claying the soil of the fens. The band of gwtty limestone 
known as the Coral Bay is absent in this district, so that there is no well-marked 
line of division between the great mass of the Oxford Clay below, and the Kim- 
meridye Clay above. The latter has not in consequence been mapped by the 
Geological Survey in this coimty, but it is probably represented on the eastern 
side. Local geologists must determine this by carefully collecting and noting 
the localities of the fossils found in their neighbourhood. From a good section 
near Ampthill fossils have been obtained, which show that the beds of clay 
there are near the transition line from the Lower to the Upper Clays ; they 
are about the horizon of the Coral Kag. In the Oxford Clay proper, Gryphtpa 
dilatata, a wide thick-shelled kind of oyster, is very common ; bones of reptiles, 
fish teeth, &c., also occur. 

The Cretaceous Formation. — As the Upper Oolitic beds — the Purbeck 
and Portland strata — are here absent, we pass at once from the thick 
Oolitic Clays to those rocks of which the Chalk is the most distinguished 
member. 

The Lower Greensand. — This bed presents a complete contrast to those last 
noticed (the Oxford and Kimmeridge Clays), being a light buff-coloured or 
reddish-brown sand, often showing false bedding and full of fragments and 
concretions of brown peroxide of iron ; it enters the county at Leigliton Buzzartl 
and Linslade, and passes by Little and Great Brickhill and Waveiidon Planta- 
tions to Ridgmont, Eversholt and Flitwick, constituting here the well-known 
Woburn Sands. Fullers' earth has been dug at Wavendon, where the beds 
have a thickness of from 1 50 to 2CX) f eet ; thence by Ampthill and Sheffonl 
the sands extend to Biggleswade, Sandy and Potton, where they jmss out of 
the county. In the south, near Little Brickhill, these beds are 250 feet in 
thickness, and they occupy a belt of country 4 miles wide ; at Milll^rook, near 
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Ampthill, the thickneM is not more than one-tenth of thin araount, or 2J feet, 
the upper portion haring probfiblj been remoTed hj denudation ; near Fotton 
the'seriev is about I<1D feet thick, and is capped bj about 35 feet of Caratone 
(or Quern stone). At Bandj these Lower Cretaceous beds form a very pic- 
turesque escarpment on the right bank of the Iret ; between Sandj and Fotton 
the J are well exposed in the cuttings of the Cambridge and Bedford Bailwaj. 
The lanrl is so Ijarren in some parts as to produce little except plantations of 
Scotch fir; but where it is mixed with claj, as along the western side of the 
Great Northern line, the result is a sandj loam of great productiveness, in 
which onions, potatoes, and market produce generally are grown with great 
amocess. Orer the greater part of its extent this rock forms a range of midu- 
lating hilly ground with beautiful woodland scenerj. Economicallj the Lower 
Oreensand is celebrated for the band of phosphatic nodules which occurs at 
the base : this varies from 6 inches to 2 leet in thickness, and is full of water- 
worn fosxils, including manj saurian and fish remains, and the rounded shape- 
less masses generallj termed coprolites. In the pits at Potton we see under 
the surface soil about 9 feet of yellowish sands, and then the coprolite bed, 
about 2 feet thick, under which again is a considerable thickness of sand, a 
well 50 feet deep not haying passed through it ; sometimes the nodule bed is 
as much as 6 feet thick ; numerous pebbles of quartz occur, which haye to 1k> 

Sicked out. The word coprolite should properly be applied only to the fossil 
ung of reptiles, fishes, &;c'., but most of the masses which go by that name arc 
pieces of wood mineralized by infiltration of phosphatic matter, casts of shells, 
bones, &c, and from their worn and rolled appearance they seem mostly to 
haye been washed out of earlier deposits, as the Oxfonl and Kimmendge 
Clays. They contain 49 per cent, of phosphate of lime, and 7 per cent, of 
carbonate of lime, according to an analysis by Dr. Voelcker ; at Millbrook 
there is only 15 feet of sand l>elow the pnosphate bed, and at Little Briekhill 
it rests upon the Oxford Clay. In 1879 there were raised 5,000 tons of copro- 
lites from the Lower Greensand of Bedfordshire ; the yalue l>eing 2Ss. per ton. 
The Gault is a l>ed of bluish-grey clay, 200 feet thick, which rests upon the 
Lower Greensand ; it decreases in thickness as we follow it north-eastward 
into Cambridgeshire. From Eggin^on and Eaton Bray, we can trace it by 
Milton Bryant, Toddington, Westoning, Shillington, Arlsey, Shefford, Dunton^ 
Wrestlingworth and Cockayne Hatley. It furnishes a soil known as *' black 
land,** and forms part of the plain which stretches from the foot of the chalk 
escarpment ; it is largely dug for bricks, and in the excavations at Arlsey a 
face of 50 or 60 feet in height is exposed ; fossils are tolerat>]y numerous,, 
Aviculd and Plicatula being the commonest species. 

Upper Coprolite Bed. — At least two well-marked seams of ** coprolites ** 
occur in the Gault, south of Barton. North of this place, the upper band 
forms a line between the gault clay and the lower marly beds of the Chalk ; 
the nodules are dark-coloured and very rich in phosphate ; this is the same 
band which is so largely worked near Cambridge, 'and it has been supposed to 
represent the Upper Greensand. Mr. Jukes-Browne has shown, however, that 
it is a result of tne denudation of the Gault^ and agrees with Mr. Whitaker 
in considering it to be the Ijase of the chalk marl. Rock-fragments occur in 
it, some of wnich seem to show signs of ice action. 

7^ C%a/Ar.— The lowest beds are comparatively soft, and are termed the 
Chalk Marl. This bed is about 80 feet thick, and forms undulating rising 
ground ; its top is marked by a hard band about 6 feet thick, generally in two 
layers, and called the Tottemkoe Stone, because it is well seen near the village 
of that name ; it is a hard and rather brownish sandy chalk, with dark grains. 
In south Bedfordshire it has l>een worked for centuries by means of galleries 
driven into the escarpment which it forms. Eddlesborough church standa 
on a conical hillock, all round which this hard band crops out. Passing 
Bfaiden Bower, where it is exposed in the railway cutting, we trace the 
Tottemhoe Stone by Houghton Regis, Upper Sundon Sharpenhoe and Barton^ 
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out of the county. Ammonites varians is common. The bed generally forms 
a ridge or shelf along the chalk escarpment. 

The Chalk without Flints comes next ; and is, perhaps, 400 feet thick ; it 
rises from above the Totternhoe Stone to within a small distance of the top 
of the high escarpment, forming the slopes of the combes, and running east- 
ward along the sides of the valleys ; good sections may be seen in the railway 
cuttings near Dunstable and Luton. Here Mr. Saunders obtained many 
fossils, but of few species, Terebratula and Inoceramus being the common 
shells. Near Leagrave station there is a cutting more than a mile long, 
reaching to the lower escarpment ; at its southern end the Chalk is capped by 
a gravelly soil and hollows full of gravel, but further north, where deeper, it 
gives a good section of the Lower Chalk. On the road from Streatley to 
Sharpenhoe, we find an exposure, in the road-cutting, of the hard beds near 
the top; they contain large but broken fish vertebrae. That rare plant, 
Afiemone ptdsatella grows plentifully on some of the slopes of the chalk combes 
in this neighbourhood ; it occurs chiefly on the south-west slopes, especially 
near Barton, where its pretty purple flowers cover the hill-sides. 

Tie Chalk Bock is a thin, hard, cream-coloured bed, containing green- 
coated nodules, and about 4 feet thick ; it is regarded as the top bed of the 
Lower Chalk, and by its superior hardness forms the top of the high escarp- 
ment known as the Koyston and Luton Downs ; it contains numerous fossils, 
about twenty species having been collected from the railway cutting at St. 
George's Wood, Chiltern Green station, &c. 

The Upper Chalk with Flints hardly enters the county: its fossils are 
mostly Echinoderms (sea-urchins), Sponges^ and Ventriculites; it may be seen 
in many pits where it is dug for lime-burning, whilst the flints are used to 
repair roads and for glass making. It forms a barren tract of land, covered 
with short turf, and its swelling roimded outlines, usually destitute of trees, 
are easily recognisable from a distance. Between Sundon and Pirton, and 
above Barton-in-the-Clay, the chalk scenery is very fine ; Deacon Hill and 
Lilley Hoo are conspicuous objects, and the "lynchets"or terraces on the 
sides of some of the combes are very remarkable objects ; they are well seen 
east of Chalgrave. (See Fig. 6.) 

Tub Drift. — The beds of rock we have been describing, especially those in 
the centre and north of the county, are often concealed by a thick covering of 
what is commonly termed Boulder Clay ; it is a stiff, brownish or bluish 
tenacious clay, full of subangular fragments of all kinds of rocks, mostly such 
as are not found in Bedfordshire ; north of Bedford it is about 50 feet thick, 
and covers over the Oxford Clay from Coldington to Eaton Risely and 
Shelton; it lies thi?k, too, between Wootton, Carlton and Cranfield. Often 
by cultivation it has become incorporated with the Oxford Clay beneath, and 
we can only recognise it by the presence of scattered boulders. Fragments of 
granite, syenite, quartzite, &c., are common, with lumps of hard chalk and 
limestone ; liassic and oolitic fossils are of frequent occurrence. All this 
lieterogeneous mass is probably the deposit of a great glacier which pushed 
southwards down Lincolnshire from the Cumbrian and Scottish hills. In 
part it may result from the droppings of icebergs detached from the termina- 
tion of such a glacier. 

Biver Deposits. — The valley of the river Ouse is narrow so long as it is 
confined by the oolitic limestones in its course through the north-western 
part of Bedfordshire as far as Oakley ; here it enters on the softer tract of 
Oxford Clay, and we can trace its deposits of gravel over a width of from 2 
to 4 miles. At the junction with the Ivel the gravel deposit again narrows, 
and continues about I mile wide, to the northwanl ; the Ivel and Hiz have 
formed similar pruvel beds, but of less extent, along their course. The Ouse 
seems to have cut itself down through the Drift, and near Bedford it has also 
cut through the Oxford Clay to the underlying Combrash. The material of 
the gravel appears to have been in the main washed out of the Boulder Clay, 
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Bnil \t ocpiirs in terraces Ht «mHiderftb1e heighls nliOTe the present river bed 
The Ouse has nlao deposited much HlluTium or river mud, ivliich iorma rich 
paeturage ground. 

Tracts of I're-liistoric Man. -It ithb in the old river-graveU of the Ouse at 
Biddenhain, Dear Be<iford, that Mr. James Wyatt, F.G.3., first foiuid those 
rud«l; chipped flint implements which are the earliest indicalionB yet known 
of the presence of man on the earth. At Biddenham the beds of drifl-gravel 
form a rapping to n low hill, which is nearly encircled by one of the windings 
of the river ; the floor of the pilH is 40 feet above thepreseut stream. Numerous 
freshwater sheila also occur, one of which, Hydrihia marginata, has oeveF 
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been fo n 1 al re n th s counlr Numerous bones of large msmmals, as the 
man m h rh noceros h ppopo amus re ndeer, &c., are also found. Flint im- 
tlemensof 1 sodkuiInH e n »o leen met with at Harrowden, Curdiogton, 
k mpslon ''ummerhouse H II an! Honey Hill, nil within a nidiiis of 4miles; 
thei are i.ually po n ed and from 3 to 9 inches long. Possibly they were 
n<^ as weapons or for d pga\s breaking holes in the ice for flshing, 

na he Eiq nam do at the preient day; a similar tool was found near 

Of o her fl nt an 1 tone mj lemen a which belong to a later time, and whi:h 
of en eih t grea tk 11 n he r m nner of formation, numerous examples 
have been found n he conn T i Ma den Bower, near Dunstable, there is 
an old Bnl ah Camp and here Mr John Evans met with a smuJl, nearly 
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triani^Ur, flint hatchet, Bereral scraperH, coreA, flakes or kniyes, Hpear-hcads, 
arrow-heaiU, and chxHtin. A celt, or axe-head, was found hj Mr. Whitaker 
at Wanlud^H Bank, near Luton, and others at the twyt of Dunstable Downs, 
Leighton Buzzard, and in Miller^s B^^ near Parenham ; one formed of green- 
stone, and 4^ inches long, is from Kempston. 

A thin perforated stone, 6 inches by 3 inches, found near Luton, may Yje a 
hammer-stone, used in the fabrication of implements from flint noilules or 
cores. A Y^eautifully shaped flint skinning-knife, oval in form and neatly 
chipped, but not polished, was found at Kempston, with a blade or sx>ear-heaa 
6 inches long and 2^ wide. 

Thus from the important discoveries alremly ma^le, it is evident that good 
work may l>e done in Be<lfordshire in connection with the question of the 
history of man. Should these flint tr>ols ever be found in or 1>eneath the 
l^ulder Clay itself, it would conclusively prove the existence of man io 
Bedfordshire prior to or during the last Glacial fipoch. 
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Natural History and Scientific Societies. 

Wellington College Naturul Science Society ; near Wokingham. Annual 
Report. 

Newbury District Field Club. 
Kemling Microscopical Society. 

Museums. 
Newbury Museum. 

Publications op the Geoloaical Survey. 

Maps. - Sheets : 7, Western part of London, St. All>ans, Windsor, Uxbridge ; 
S, Wokingham, Cn)ydon. (ruildfortl, Ruigate ; 12, Newbury, Andover, Otliham; 
13, Oxfonl, Reading, Wantage ; 34, Cliippenham, Swindon. Quarter Sheet : 
45 S.W. Woo<lsttx»k, &c. 

Books. -The Geology of Parts of Berkshire and Hampshire, by Bristowand 
Whitaker, 3s. The Geology of Parts of Oxfonlshire and Berkshire, by Hull 
and Whitaker, 3s. Geology of the London Basin, by W. Whitaker, 13s. 

Important Works or Papers on Local Geolo«v. 

1856. Prestwich, Prof. J. Gravel near Maidenhead in which Skull of Musk 
Buffalo was foimd. Journ. Gcol. Soc, vol. xii. p. 131. 

1875. Rupert-Jones, T., and King, C. C. -iSeotions of the Woolwich and Reading 
Beds at Reading. Journ. Geol. Soc, vol. xxxi. p. 451. 

1881. Herries, W. H. Bagshot Be<ls. Geol. Mag., p. 171. 

See also General Lisfs^ p. xx\. 



The rocks of Berkshire have been very carefully studied by the officers of the 
Geological Survey. Complete geological maps of the surface were published 
m 1860-61, and in the splendid memoir on the Geology of the London I^in, 
by Mr. W. Whitaker, a very full account will* l)e found of all the Htrata except 
those which form the extreme north-west corner. The Tertiary beds of the 
south and east were first desoribetl by Pn)fessor Prestwich in a masterly series 
of papers published between 1840 and i860 in the Journal of the Geological 
Society: Professor Rupert-Jones has also written on the subject. 

As the longest axis of Berkshire extends nearly east and west, while the 
different l)etls of rock run across it in a slanting direction from north-east to 
south-west we naturally expect to meet with a goo<l vjiriety of formations in 
the county, and this we shall find to be the CAse. From the absence of dis- 
turlmnces however, and from the dip being gentle and coinciding with the general 
slope of the surface, the variety is not so great as might have been expected. 
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We shall commence with the oldest rocks, which occupy the extreme north- 
west of the coimty. 

The Oolite, (i.) The Oxford Clay. — Entering at Coleshill and Lechlade, 
and nmning east by Thrupp Common and Newbridge and north-east by 
Hinksey, Wytham and Oxford, we have the Berkshire portion of a tract of 
stiff clay, which extends across the Thames into Oxfordshire and Gloucester- 
shire. It contains frequent bands of limestone nodules or septaria, is of a 
blue colour when dug at any depth, but weathers yellow where exposed to the 
air ; it forms a low tract of land bordering the Thames for about a mile or 
two on its southern side, and is of little economic value. It is mostly in 
pasture : a boring at Wytham passed through 596 feet of Oxford clay. 

(2.) The Coral Bag, — This term is applied to a series of beds, clayey and 
sandy at the base, of which the middle portion is a rubbly oolitic limestone 
full of corals, capped in a few places by irony sands. The muddy sea in which 
the Oxford Clay was depositea must have cleared and shallowed, and in the 
warm waters coral reefs grew irregularly, resembling those now forming in 
tropical seas. Where present the thickness of the Coral Rag varies from 10 
to 30 feet, and it constitutes a ridge overlooking the valley of the Thames. 
Entering the county near Shrivenham, we can trace it round Fariiigdon, and 
thence it occupies a tract three miles wide north of the river Ock as far as 
Abingdon and Cumnor: at Wytham it rises as an outlier to a height of 583 
feet ; it is largely quarried for road metal. The lower portion contains charac- 
teristic Ammonites; corals, and spines and plates of sea-urchins, occur in the 
middle portion in large numbers. 

(3.) Kwuneridge Clay. — Another thick mass of blue clay with bituminous 
shales succeeds tne coral rag ; it forms flat wet land from Shrivenham station 
to Longcott. Passing under the well-knovrn sponge gravels of Faringdon, it 
re-appears south of Shillingford and Stanford, and forms the "Fields of East 
and West Hanney and Drayton." Crossing the Ock at Abingdon, we can follow 
the Kimmeridge clay to Radley and Bagley Wood. Of the fossils Ammotiites 
biplex is rather common and beautifully preserved ; Ostrea deltoidea is very 
abimdant. The clay is dug at several places for brickmaking. 

(4.) Portland Sand. — There is a small outlier forming the hill on which the 
village of Bourton is built ; it is well exposed in a large quarry there. 

TuE Cretaceous System. — This term is derived from the Latin * cre^a' chalk, 
which is the best known and most conspicuous member. 

(i.) The Lower Greensand. — This is a bed of loose reddish sand, often full 
of pebbles and very variable in thickness. At Fernham and Great and Little 
Coxwell it assumes considerable local importance, constituting the " sponge- 
gravels of Faringdon ;" here it is largely quarried for gravel, which from its 
bright yellow hue is much sought after for walks and avenues. From Baulking 
eastwards to the Thames it is not seen, being overlapped by the Gault, but 
there is an outlier north of Sunningwell which forms a hilly tract ; it makes 
a light dry arable soil. 

(2.) The Gau^L. — This is a blue micaceous clay containing occasional nodules 
of limestone ; it runs as a band about one to two miles wide between Ashbury 
and Stainswick to Uffington, where it turns due east and reaches through West 
Ohallow and 8teventon to Wittenham; its upper boundary is well marked by 
a line of springs thrown out by the impermeable clay ; forming a low plain at 
the foot of the chalk escarpment it is seldom exposed in sections, except in an 
occasional brick-pit ; its thickness is about 100 feet. 

(3.) The Upper Greefnsand or Chloritic Series. — From Wittenham Wood 
past Wallingford to Aston Tirrell the outcrop of this rock is not less than 
five miles broad. Following it westwards through Hagbome, Didcot, East 
Hendred and Wantage it rapidly narrows, until at Childrey, Sparshot, Compton 
Beauchamp and Ashbury it only forms the slope of the escarpment of chalk, 
which consequently becomes steeper as we follow it in this direction. Fre- 
quently the exact boundary is obscured by landslips. As the name implies, 
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the rodL is vsnallj fnll of greenish gnizts. At Woobtone it is 60 feet 
thi^ bat above 100 at Didcot. 

(4.) The Chalk. — This is perhaps the best knovn rock in England — lithologf- 
ealij speaking ; it ccmstitotes the central and most elerated portion of 
Berkshire. On the west the main mass spreads across from Hongerford to 
ComptMi Beanehamp, a distance of 12 miles. The strike, or direction, is here 
nearly east and wea^ and oc»tinaes so to the Thames. The dip is to the 
Mmtb-east at a rerj nnall angle, from one to three degrees otdj. In the 
south the chalk dips under the Tertiary beds of the ralley of the Kennet, and 
rises np further south at a sharp an^e along a line from Inkpen to Kingsclere : 
at Inkpen Beacon it attains an deration of I, oil feet, the highest point 
reached by the chalk in the south id England. The total thickness in Berk- 
shire of this great mass of white soft limestone is probably about 900 feet ; 
the chalk was eminently a deep-sea deposit, for when we examine it micro- 
scopically we find it to consist in large part of the tiny chambered shells of 
foraminifera, Ijeing rery similar in composition, in fact, to the greyish-white 
oooEe which numerous soundings hare prored to form the floor of the North 
Atlantic Ocean. 

The Lovter Chalk has marly beds at the base al^out 80 feet thick, whose 
top is marked by a hard band called the T'jttermhye Stcme. This lower 
dirisioQ may be seen in the Great Western Railway cattin;; at Wallingford 
Boad station. Abore it we get aVjout 400 feet of chalk without flints, but 
containing marly partings which imlicate the line of Ijedding: this dirision 
forms the comparatiTelj low and flat table-land which extt nris from Monlsford 
and Skreatley by Blewljury ami Chilton, narrowing greatly as it goes west- 
wards. Fossils are not rery numerous, but Ammomiten eurian* and TwrrilUe» 
are characteristic The top is formed by a hartl cream-coloured band —the 
Chalk Roek—aomtSoT lofeet thick, which from its superior hardness usually 
forms the top of the chief chalk escarpment. Thus, we csin trace it all along 
the northern brow of Il»ley Common and Childrey Warren; the Ridge Way 
runs along the edge, aorl st^ctions are exposerl at Cuckhamsley Knob, &c. 

The Upper Chalk is characterise*! by the presence of flints, which occur 
most frequently in small irregular lumps, but also in flat sheuts. The origin 
of flints is still a rtxed question : many appear to hare been formed by the 
deposit of siliceous matter chi and around organic bodies, as sptwges ; the flat 
taoolar masses of flint would seem to hare been deposited in the bedding- 
jdanes {vobably after the consolidation of the rock. Such lines of flint may 
be seen in the railway cutting near Pai^ljoum, and in the chalk-^ts at Courage 
north of Newbury, and at Cookham Dean, near Great Xarlow. Fossils are of 
frequent occurrence both in the flint and the chalk ; sea-urchins or Eehmoder.n*^ 
as AMOMchyteg and Micnuter^ abound, with spoi^es and such shells as Tere- 
bratmla, &c. The main mass (A the chalk passes in Berkshire as far east as 
Bemenham, Wargrare and Maidenhead, but Windsor Castle is buik on an 
inlyii^ boss, probably elerated by some disturbance, of which there are also 
traces near Great Marlow. 

The scenery of the Chalk Downs is rery marked. The beautifully smooth 
Siwelllng curves are covered with a short dense herbage which affords good 
pasturage for sheep' and capital galloping grounds for horses. The higher 
part is, howerer, often coreried with clayey deposits, as south of Ilsley, and 
then forms a soil on which the beech grows well ; but as a rule the wide open 
nature of the country is always discernible. The valleys are often waterless, 
the rain beii^ soon absorbed by the porous soiL White Horse Hill rises 893 
feet above the level of the sea. Economically regarded, chalk is valuable as 
a dressing for clay lands ; much is also dug to bum into lime, and it forms an 
ingredient of Portland cement. Whiting is solely made from chalk, Kintbury 
being the seat of manufacture. The soft upper chalk is here ground into a pulp 
with water and allowed to settle in tanks ; about 2,000 tons are made per 
annum ; it is mostly sent to Bristol by canal, and fetches about 8s. per ton. 
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Ch&lk was fonnerly more uBod for buildinK than at prctieiit, and Than care- 
fully selected is well suited for inside work, Tieiog vary easy to oarre ; examples 
may be aeea in Sonniog and Tilehurst churchei. The chalk-icwk affordH a 
poor road-metal. Plintg fumiBh bd almost eTerlaatiog material for building ; 
they hare been naed with good effect, dreaaed into a culioidal form, id the Irean- 
tiful little church at Shottesbrook ; they are also ground i^p to use in the 



manufacture of glaw and porcehii)). 

Thi Eoceni Sybtkh.— a great brea 
here. In tboie now to be deecribed, we find the remains of animaUaltogelher 



of the rocks intervenes 



different to those in t)ie chalk, and we believe there was a great Interral of 
time during which either (■) no depoait waa formed, the country 1«inga land 
surface, or (i) deposits were formed which were afterwards washed away — 




denuded off— before the rocks ai which we now h«TB to speak were laid down 
as sedimeol ; perhapi both things happened, . , ,, ■ 

(1 1 Tlu Readina Bed» in BeAehire reel immediately upon the chalk, and 
were formerly known as the "Plastic Clay;" they oon.i.t rf alternatione of 
riava and sands of many colours, with lolled flint-pebbles, fossils are few, 
Orfnn UUovGciM. which much reeenibleB the ov.ter of the i>ressBt dav. Ijeing 

. ■ .._.i __ n .> ■'-"sperouii Wood, " "* 

...Xnirthe 

Kennet to two miles e^t of Newbury : on the oppoeit^ 



nng the aouth of the 
si3e they c 



nearly to Theale. then, after a gap formed bj the connection «F the IW *'th. 
the Kennet. we find the same sands. &c.. spreadiiaoul B""' "^ »«»■ of Bead-,. 
init Here Ihejare largely workedatKatBsgroie,Colejllill.&c TheplBstio 
days are made into tiles, drain pipea, &c. ; the aands are mixed with the clay^ 
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in brick-mnking, or when white and rlean are lued m i^bbb works. Thence the 



oi.im,,:o.i™ 



about half a milt wide IhronghSonninnandlhelwo Wnlthamn 
towan{g Wiodaor. There are Dumtrooi untliera on ihv chalk hille north of ihe 
Iiombotime and the PnEig. as at Beedon Hill. Baaildnn, and FHnilioroim;h 
Copse. The junction with the rhalk i« often marked by swallow-hoUi), which 
are cuTenu or fonnel-ahaped pipes, into which the water, roiiniiig doan ihe 
■lope of the Tertiary beda, entera attd diaappean. 

(i.) Tlu: Ltmdtm Ctaj/.— Vfhtre the junction ie eiposed with the Readinc 
teoa we aee a " hoaeinent bed " of blackieh flint peblJea which are ImTeraed 
by cracka. ao that they fall to pieces on receinog a gentle Mow : they are 
embedded rn a browniah loam ; abore thia are aaodj cl&ya pauiinjf up into al iff 
Mae and brown cUy : thia formntion haa a broad outcrop in BerkHhire. There 
is a good aection in ohaw brick-kilo, north of Newlnuy. Eaatwarda of Reading 
theae claya occupy a dialrict gradually widening from 3 or 4 to 10 or I5mileB 




a While angnlsr Dint rnTr). 

b BFiiwnfliift vtAnl,ooaulaliif laigablockaof firj wctNfr raml^nt 

t Luntr Buffibul aaiid. 

in breadth, orer which are ncattered large onllytog maaaea of rocki presently 
to ba deacrilied. Brickyanla and railway cuttinfta afford tbe oaly aec'ioiui, aa 
at Sonning. Wimlitor, Ei^lefield, FriUham,&c. Peclinuvlia.Ktxi DUrujia plana 
are ehamct eriat ic »he]la. 

(3,) Tie Bafftio/ Sedi.—Thene are sandy, forming nlDge>,af Ijnrren heatb- 
corered hi lie in the aonth of the county; Bcctiono and fowila are equally rare ; 
they form the high gronnda of Coldash and Bucklebury Commonn. north of the 
Kennet : south of (hiit rirer they extend from Inkpen Common by Oreenbam 
Henth to the commona of Tadley, Silcheater, and ISurghfleld ; thtn wecome (o 
the valley of the Loildon. where the l*d8 have l*cn denuded. Crowing thia 
gap we find onrselrea on tbe weatem end of the main Dwbb near Finchampalead 
and Wokingham, nod it continuea by Aacot racf-courae to Echam : aouth of 
thia line we pnaa over some more clayey beds, known aa Middle Bagahot or 
Brackleabam licda, and aacending Eaathampatead Plain flul.ounelTeii on the 
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Dorthem eitremitj of the well-kooTD Chobh&m Bidges, on the loose Upper 
Banhot SamiB. 

Standii^ here oa the latest formed of the stratified rocks, vhich constitute 
the county of Berks, we shonld, in iaiA|;i nation, sink a deep borehole and 

Sictnre it passing in succession through all the beds we have nnmed until, at H 
Bpth of perhspi, 1,000 feet, it entered the formation — the Oiford Clay 
which we found at the surface in the north-west comer near Lechlade, 

A well lately sunk at Wokingham passed, through London Clay. 263 feet. 
Reeding Beds, 54 feet ; Sand, i6 feet ; and pierced the Chalk for 64 feet, ol>- 
taining a good supply of water. 

ORE(-WBTr[iRS OB ^ABSiN Stonks. — Blocks of a haid sandstone are frequently 
found on the surface of the chalk, &c. ; they are used for building and mending 
roads. They would appear to be consolidated masses of either the Reading; 
Beds or tha Bagshot sands, which hare been let down, as it were, by the wash- 
ing away of the looser matter in which they wore once embedded (fig, 9-) 

BuBFACB Deposits. — Our eiarainatron of the strata at any point is often 
interfered with by the presence of beds of gravel, brick earth, tie., many feet 
thick, which cover over and hide the underlying rocks. The chalk is often 
covered with a stiflf brown and red clay full of unworn flints. This would 
■eem to be the residue left by the removal of the carbonate of lime, liv the 
chemical action of water charged with carlionic acid ; this "clay with flints" 
is well seen in the road cutting south of Remenham. Of brick-earth there 'm 
not much ; soma may be seen near Cookham. 

TV Flint-graveU occur at high levels as at Pebble Hill, south of Kintbury, 
and often capping the hills of Bagshot Sand : or at low levels, as from the foot 
of Enbome ffill to Newbury, and on both sides of the Thames. 

Alluvium. — In former times the river Kennet deposited much mud for about 
a quarter of a mile on either side of its present course : this now forms valuable 
water-meadows, always green. Beds of peat occur in it, from 5 to 15 feet 
thick ; this peat is largely dug at Newbury, and when burnt the ashes form a 
valuable fertilizer, probably froQi the quaotily of gypsum they contain. In 
the Museum of the Ilewbury Institution, there is a flue specimen of the skull 
and horns of Bo» primigaime. a large extinct species of ox, which was <lug out 
of the peat in Ham litarsh. In a large excavation close to Reading a Sne 
section of old river^gravels and loams is exposed, in 
which Mr. E. B. Poulton has found trunks of trees 
and remains of such extinct animals as the mammoth, 

PaenisTORic Man. —Of those early dwellers in our 
islands to whom the use of metal was unknown, and 
who made their tools of flint, several relics have been 
found in Berkshire. From a "l»rrow" or interment 
on Ijimboume Downs a beautiful dagger of whito 
flint was obtained, which is now. with an arrow-head 
and other objects from the same locality, in the 
British Museum. Some beaulifully formed arrow- 
heads of the same material, a scraper prolmbly used 
L for preparing skins, celts or flint axe-heads, and a 
I nodule of iron-pyritea are also recorded by Mr. Grans, 
FIb. W.-BMiiin^ w.H in his "Ancient Stone Implements of Great Britain." 
5^*?". '^^^J^^H^^i as having bean found on the Berkshire Downs. A 
LanBourne Down, Berk- flmt arrow-head was also found at Sutton Courtney. 
■hin>, lod now In tbe A large chipped Init unground celt. S inches long 
Biltiib Uunm. by 1% broad, was found in the peat at Thateham; 

aud in the Geological Museum, Jermyn street. London, there is the fragment 
of a slender pointed flint " pick," which was picked up near Maidenhead. A 

Esrforated stone hammer-head was found at Sunniiahill, and an oval flint 
lade near Long Wittenham. A triangular acraper ot^ ochreous flint occurred 
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in the Thames near Windsor. Pro1)a1>ly many more such objects would turn up 
if they were intelligently searched for, and there is no iMJtter preparation for 
the task than to endeavour with two flint nodules or a flint and a hammer to 
produce similar specimens ; the task will give us some idea of the dexterity, 
and acquaintance with the properties of the material, which must have been 
possessed by our predecessors wno lived in Berkshire, perhaps 10,000 years ago. 
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Natural History and Scientific Societies. 
High Wycombe' Natural History Society. 

Museums. 

Eton College Museum. 

Publications op the Geological Survey. 

Maps. —Sheets : 7, Western London, St. Albans, Wendover, Windsor, Staines, 
Uxbridge, High Wycombe ; 13, Oxford, Reading, Wantage. Quarter Sheets: 
45 N.E. Buckingham, Brackley ; 45 S.E. Bicester, Brill; 46 N.W. Newport 
Pagnel, Woburn; 46 S.W. Leighton Buzzard, Aylesbury, Tring; 52 S.W. 
Northampton, Olney. 

Books. — Geology of the Country round Banbury, Bicester, Woodstock and 
Huckingham, by A. H. Green, 2s. Geology of the London Basin, by W. Whit- 
aker, 13s. 

Important Works or Papers on Local Geology. 

1861. Whitaker, W.— On the " Chalk Rock " in Bucks. Journ. Geol. Soc., 

vol. xvii. p. 166. 
1865. Whitaker, W.--The Chalk of Bucks and the Totternhoe Stone., 

Journ. Geol. Soc, vol. xxi. p. 398. 
1867. Brodie, Rev. P. B. — Purbeck Beds &c., at Brill. Journ. Geol. Soc, 

vol. xxiii. p. 197. 
1 88 1. Hudleston, W. H. — Gasteropoda of the Portland Rocks. Geol. Mag., 

P- 385- 

See also Ge7ieral Lists^ p. xxv. 

Notwithstanding the extensive and varied character of the rocks of this 
county, they do not seem to have received much attention from local geologists. 
We have admirable geological maps of the surface published by the Govern- 
ment Survey between 1861 and 1865, and mainly the work of Messrs. Whitaker, 
Hull, fiauerman, and Green ; Mr. Whitaker has alBO well and minutely described 
the Chalk district, Dr. Fitton the Portland Beds and Lower Greensand, and 
the Purbeck Beds at Brill have been noticed by the Rev. P. B. Brodie ; Mr. 
Macalister also published some notes on the northern portion in the Geologist 
for 1861, but there remains an extensive field to be filled by those who live 
upon the spot. Every quarry, brick pit, railway cutting, or opening of what- 
soever kind into the earth, should be diligently examined, carefully measured 
and drawn, and continually examined for fossils ; in this way the broad outlines 
we now possess must be filled up, and if only one person in each parish could 
be induced to undertake such work, the gain to geological inquiry would be of 
real and great value. 
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Commencing with the oldest rtxiks, we find in the north that the riTerToT» 
ha« cut down into and exposed the Upper Liah Clayh, which just enter the 
county from 1>etween Grafton Regis and Ashton to Castle Thorpe, two or 
three miles north of Stony Btratfonl ; the Ouse has also exposed small patches 
near Stoke Goldington and Weston Underwood. 

The Oolftb. -Of the sandy and slaty beds known as Northampton Sand 
there are no good sections'; indeed, these beds have either thinned out or 
changed in character in this direction. 

l%e Great Oolite. — The limestones of this well-known bed are exposed in 
man^ quarries ; from Brackfey and Buckingham it passes round by Stowe, 
Lillingston and Potterspurpr ; Stony Stratford, Newport Pagnel and Cold 
Bibjrfield mark its eastern limit, but it stretches north-eastward from thes» 
points into Bedfordshire. 

The limestones are of a compact and not oolitic character ; they are often 
soft and marly, and in such beds fossils are most common ; frequently we find 
only the moulds or casts of shells, but they are generally entire, and appear 
to have been deposited in still water. Clayey beds occur at the base, above 
which come thin-lM^dded, cream-coloured limestones and marls, whilst the white, 
hard, finc>-grained limestones are^ more usually found near the top. Between 
Brackley ^nd Buckingham there are many quarries, as near Westbtiry. At 
Shalstone Hill Farm there is a bed of very hard, white limestone, composed 
almost entirely of broken shells, and yielding a beautiful building stone. In 
the valley of the Thomlx)rough Brook there are some large quarries, exposing 
a section of more than 30 feet ; a fault, with a downthrow to the east of la 
feet, runs across the quarry ; very interesting exposures of " faults,** or disloca- 
tions of the l^eds, may also l>e seen in a quarry near South End. On Whittle- 
wood Forest there are several quarries; here, on blocks of stone which have 
1>een long exposed to the weather, one finds standing out in relief portions of 
shells, plates and spines of sea-urchins, star-like joints of the stems of crinoids, 
with worm tracks and nerpula. 

From quarries at Grayhurst, Eckley, Salcey Wood and Olney many fossils 
have been obtained ; the shell called Terebraiula maxUUita abounds here. The 
scenery of the tract occupied by the Great Oolite is undulating, hilly, and often 
well-wooded, with an eastward slope to the Ouse ; the dip of the beds is also 
in this -direction, and their total thickness is about 20a feet. 

Forest Marble. — We seemingly have the end of this formation in Bucking- 
hamshire ; traces of it are seeh in quarries near the brook east of Tingewick 
church, at Thornton and Lilliiigston Lovell ; the l)eds consist of from 3 to la 
feet of blue or brown clay, with alx>ut 2 feet of hard grey slaty limestone 
ludemeath, almost made up of oysters. 

Comhrask. — We find the rubbly limestones which go by this name between 
Fringford, Tingewick and Buckingham, north of which town they extend past 
Maids Morton and Akeley ; eastwards by Thomborough and Beachampton, the 
outcrop is 2 miles wide ; near Stony Stratford it contracts to half a mile, again 
widening between Bradwell, Great Li nford and Newport Pagnel ; it is then 0I)- 
scnred by the Ouse gravels, but re-appears as a narrow band, not a quarter of a 
mile wide east of Sherrington, and curves roimd thence to Newton Blossomville ; 
it is largely quarried for road-making, being very hard. Near Buckingham, 
on the Bourton road, we see hard blue limestones associated with beds of black 
and blue clay ; near Thomborough, on the Leckhampstead road, we have in the 
quarries good illustrations of the manner of .weathering of these limestones : 
the top limestone l^ands are yellow and rubbly ; then, under a 1M^d of sandy 
cl&y, we have solid limestone, yellow outside, blue within ; lastly, at the iMse 
we find solid blue limestone only. The change in colour is due to the iron, 
which exists in the lower Imnds as a carbonate, whilst upwards it gradually 
passes into a peroxide, under the influence of air and water ; the total thick- 
ness here is about 40 feet. Near Wolverton there are several quarries ; here 
the Combrash is of blue-grey colour, very hard and finely laminated ; fossils are 
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numerous Imt difficult of extraction. There are two curious inliers at West 
fe'tan Hill and Marsh Gibbon ; the first is a very low hummock ; a quarry here 
shows loose rubbly Cornbrash, with a bed of pale blue clay, full of oysters. 
Marsh Gibbon stands on a little hill of Cornbrash ; there are several quarries 
here, which show loose rubbly stone on top, then soft marly clay, and hard 
Llue limestone at the bottom. 

'Fke Oxford Clay.- - This is a light^blue clay, weathering yellow at the surface, 
and perhaps 500 feet thick ; its western limit is defined by the beds of Cornbrash 

i'ust described, but eastwards it stretches over a wide expanse to Muswell and 
irill Hills, Quainton and Fenny Stratford; sections are not common, but may 
sometimes be seen in brick-pits, railway cuttings, or drain cuttings ; towards 
the Ouse it occupies the top of the low escarpment, forming a heavy undulating 
country which rises with a short but steep slope above a plateau formed cJ 
Cornbrash. Near Goddington we have the base of the formation, here com- 
posed of hard, cream-coloured calcareous clay, containing Ammonites Jason, ^t. ; 
ibimilar beds are exposed round Newport Fagnel, yrhere Ammonites Calloviensis 
is found, with saurian bones, &c. ; these, probably, are near the horizon of the 
Kelloway Rock of Wiltshire. The brick-pits near Padbury show shaly dark- 
blue clay, with large nodules and septaria of limestone Gryphtfa dilata^a is 
common everywhere, with semi-transparent glassy crystals of selenite, called 
"fossil water" by the workmen, and yellowish lumps of iron pyrites. 

The Coralline Oolite. — The sands and limestone at Headington and Stanton 
St. John, near Oxford, appear to pass eastwards into a clayey l)and containing 
Ostrea saiidalina, which has been traced by Worminghall, Oakley, Boarstall, 
round Muswell Hill, and through Dorton to the base of Quiiinton Hill. At 
Studley there is a bed of grit, "a sort of argillaceous chert, rich in Pinnae 
Ammonites, and other organic remains;" this may mark the transition. 

Kimmeridge Clay. —The Coralline Oolite having become itself a clav band, 
cr being absent altogether, there is nothing over the greater part of ^ucks to 
separate the two great clay masses named after Oxford and Kimmeridge from 
one another ; it is* liowever considered that the Kimmeridge Clay forms the 
plains and low grounds between Thame, Brill, Waddesdon and Aylesbury ; the 
lower boundary line is drawn bv the Geological Survey to end oflf near 
Stewkley, but this is marked "wholly conjectural ;" it is a bluish-grey or 
yellow shaly clay, often bituminous, sandy towards the base and with irregular 
l)and8 of limestone nodules : like the Oxford clay, it is best fitted for pasture 
land; oaks grow well upon it; from the impervious nature of this wiae clay 
tract there are no springs. Near Hartwell and Aylesbury this Kimmeridge 
clay is largely worked for brick-making; here it is of a dull leaden colour, 
lignite (fossil wood) is common and fossils abound ; Ammonites hiplex occurs, 
with the original beautiful shelly lustre still preserved, and many of the fossils 
sparkle with iron pyrites and are found entire and in great perfection. 

Portland Beds. — The lower part is sandy, above which' come beds of lime- 





Vitr. 11.— DiagrAin Section of small fanitt in th« Portland Stone, Brill. Tbii dttlocaClon 
of iriA hedi wa« leen Im a tmall pit about two'thlrdi or a mile sonth'Weat of the ohiircli. 
The dark bandi are two ehaly layer* ; the ureitett displacment, or •• throw," only aalotttit4 
to twu feet. (After A. H. Green, Geol. Survey.) 

stone ; the main outcrop passes north-east from Thame by Cuddington and 
Dinton to Aylesbury and Bierton; outlying masses occur at Muswell Hill, 
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especially the Kimmeridge Clay. At Wavendon there is an outlier con- 
taming seams of fullers' earth; passing southwards the Lower Greensand 
crops out again at the south of Stone ; here it rests partly on Purbeck, 
partly on Portland beds, and presents indications of Wealden beds at its base. 
At Hartw6ll a bed of l)rown and white sand, about 8 feet thick, has been 
used for glass-making ; there is a small outlying patch south of Oving, and 
others on Muswell Hill, Brill, north of Chearsley, &c. ; the fhain mass also 
crops out again north of Haddenham. Quainton Hill is also capped by Lower 
Q-reensand. . 

Gaiilt, — This is a thick mass of pale-bliie clay, sometimes shaly, often with 
whitey-brown'phosphatic nodules. Entering the county in a broad band 3 
miles wid'e, extending from Towersey to Hehton, we trace it by "Weston 
Turville to Hulcott ; here the outcrop broadens to 7 miles between Cubbing- 
ton and Wing on the west and Buckland and Eaton Bray on the east. The 
manner in -which* it overlaps the Lower Greensand we have already seen ; 
its thickness is about 130 feet in the south and 205 feet in the north-east, and 
it is dug for brick and tile making. A rich iseam of "black coprolites" is 
found about 40 or 50 feet below the top of the Graiilt ; it has been worked at 
EddlesboroUgh, Puttenham, Cheddington, Northall, Billington, &c. 

The Upper Greensand. — This formation overlies the Gault, and extends from 
between Henton alid Princes Risborough to about a mile north-east of Buck- 
land, from which point it is hardly traceable, although it is once more seeii in 
the brick-yard at Eaton Bray ; here we have 6 feet of pale-grey marl, under- 
laid by the same depth of greenish sandy clay. At Buckland it is seen in the 
sides of a pond, and a stream cuts through it about half a mile south-east of 
Aston-Clinton church , at Risborough it is, perhaps, 60 feet thick ; in the road 
cuttings about Bledlow and Henton we see beds of crumbling whitish sandstone, 
sometimes hard, isind these are covered by clayey dark-^een sand, seldom 
exposed. Numerous springs burst out at its junction with the Gault below, 
which have' determined the sites of a whole string of villages. 

The ChcElik.—1\as well-known rock constitutes a large portion of the south 
of the couiity, rising in the Chi Item Hills to about 9CX) feet above the sea level ; 
the lowest beds ate of soft whitish chalk marl, about 80 feet thick, and form 
rising ground between Bledlow, Risborough, and the reservoirs between Tring 
and Marsworth. The top of this division is formed by the hard Tottemhoe 
Sione, a rather brownish sandy chalk with dark grains ; it is well seen in a 
small quariy near "Tring Wharf," and in several road cuttings along the line 
just mentioned. 

Lower Chalk. — This division is about 400 feet thick and is wUhmU flints ; it 
forms the slope of the great chalk escarpment, and is exposed along the sides 
of the valleys which cut it back ; the top is marked by a thin but very constant 
bed of ChalJcrock^ hard and pinkish; we see this layer in a large chalk-pit 
one mile north of Hdnley, and in various chalk-pits between the latter town 
and Marlow, also near High Wycombe, Chesham, &c. Well-sinkers call it 
" i*ock," and have to blast it on account of its hardness. 

Upper Chalk wUh Flints. — This mass is some 300 feet thick and forms the 
eastern slope of the Chiltem Hills ; it may be distinguished from the lower 
beds not only by the presence of flints, but by the character of the fossils. 
We flnd in it many species of sea-urchins, sponges, &c., whilst in the Lower 
Chalk whorled and spiral univalve shells occur. 

Beech treei^ grow largely over this tract of chalk, and their wood is used for 
chair-making. The chalk itself is much burnt for lime ; it is got in large pits 
from 50 to 150 feet deep ; the men work at the top of the pits with crowbars, 
dislodging great masses, which break to pieces in their fall ; fortunately the 
chalk is traversed by fissures or joints, for were it one homogeneous mass it 
would be scarcely possible to work it. The Chiltem Hills command an exten- 
sive prospect and nse sharply from the Oolitic plain which lies to the north- 
west. 
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Tertiary Beds — Eocene Formation. — Occupying a large triangle between 
Colnbrook, Beaeonsfield and Rickmansworth, we find sands and clays of an age 
altogether distinct from, and later than, those rocks of which we have hitherto 
been speaking. 

Readimf Beds. — These extend east wardly from Woburn by Bumham. Beacons- 
field, Hedgerley, Chalfont St. Peter s and Denham ; they consist of variegated 
plastic clays with light-coloured and green sands; they are exposed in brick- 
vards at Hedsor, Bumham, &c. There are several outliers on the chalk, as at 
Penn, Pollard Wood, &:c. No fossils have been found. 

The London Clat/. — This rests on the Reading Beds round Fulmer, at Stoke 
Common, Iver, Red Hill, &c. ; it is a stiff brownish clay, often containing large 
nodules called sepfaria, which are rounded lumps of impure limestone, traversed 
by fissures filled with carbonate of lime. 

The Drift. — In attempting to trace the beds of stratified rocks of which we 
have been speaking, the geolocrist finds that they are largely covered over and 
obscured by irregular, often thick, masses of clay full of pebbles, or by more 
or less extensive patches of sand or gravel. These deposits are relics of the 
glacial period ; the clays were probably dropped by melting icebergs, or possibly 
pushed out from the end of a great glacier which travelled down from the 
north into Bedfordshire. The northern side of the Ouse valley between 
Brackley and Olney is tolerably free from Drift, but south of this line and 
spreading over the plain formed by the Oolitic Clays we find thick and varied 
deposits ; clean gravel beds occur round Hard wick, between Finmere and Buck- 
ingham, and round Stowe and Akeley. In the gravel-pit at Tingewick we see 
false-bedded coarse gravels with beds of soft clean sand. Near Buckingham 
there are several examples in gravel-pits of the manner in which these beds 
are sometimes contorted and bent into curves; this is supposed to be due to 
the grounding of icebergs : similar cases occur at Foxcott and Maids Morton. 
The stiff clay drift is well shown round Leckhampstead, where it contains 
striated boulders of carboniferous limestone, &c. There is also a connecting 
link in the shape of clayey dirty gravels which are widely distributed. 

Over the chalk hills there is much " clay with flints," probably a result of 
the decomposition of the chalk during long ages. 

The Ouse river-gravels cover much ground ; they abound in oolitic fossils, 
especially belemnites, which are sometimes collected by the villagers, who con- 
sider them, when pounded, an excellent cure for rheumatism ! 

Flint Implements, the tools of the early inhabitants of this country before 
they became acquainted with the use of metals, have only been found in one 
or two places. Pulpit Wood, near Princes Risborough, appears to have been 
the site of an ancient encampment, and flakes of flint occur in numbers ; they 
were probably used as knives : rounded tools, called scrapers, which would be 
useful in cleansing skins, have been found here too ; a rude flint arrow-head 
was found by Mr. John Evans in 1866, on the surface of a field between 
Eddlesborough and Tring, at the foot of the chalk hills. Many more would 
doubtless turn up if they were intelligently looked for. 
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Ill a small pamphlet published by the authorities of the "Woodwardian Museum, 
at Cambridge, Mr. W. Whi taker gives the titles of 1 21 works or papers on 
the geology of the county, which had been made public up to the end of 1873. 
Among those who have done much to elucidate the nature of the strata and 
their fossil contents in this district, we may mention the names of Professors 
Sedgwick, H. G. Seeley, Bonney, and McCoy ; the Revs. P. B. Brodie and O. 
Fisher, and Messrs. "W. J. Sollas, A. J. Jukes-Browne, J. F. Walker, H. Keeping, 
J. J. H. Teall, &c. The surface of the county has been examined, and the 
position of the rock-beds laid down on maps by the officers of the Government 
Geological Survey. These maps, however, are not yet published, with the 
exception of a small portion round Whittlesea and Thomey, which is included 
in sheet 64; the southern division (51 south-west) is, however, nearlv ready 
for publication. A geological map of the district round Cambriclge was 
prepared by the late Mr. Lucas Barrett in 1859, of which a revised edition by 
Mr. Jukes-Browne was published in 1873. The Geological Survey Memoir by 
Mr. Skertchly, on "The Fenland," published in 1877, gives an excellent and 
complete account of the northern portion of the county. In the Woodwardian 
Museum, under the public library at Cambridge, the visitor will find a grand 
series of local rocks and fossils, the result of many years' work on the part of 
the energetic geologists who have been or are connected with this institution. 
Cambridgeshire may be divided — geologically and topographically — into 
four areas or regions. The first of these is the small tract occupied by the 
Oolite Clays in the south-west of the county, extending from Fenny Drayton 
and Willingham by Papworth St. Agnes and Elsworth to Croxton, Eltisley and 
Caxton, being in fact the eastern edge of the great sheet of clay which forms 
nearly the whole of Huntingdonshire. 

Secondly, we have the valley of the Cam and Rhee, excavated mainly in 
Neocomian and Lower Cretaceous beds. This valley runs from south-west to 
north-east, from Guilden Morden by Cambridge to Ely. 

The third region is constituted by the chalk hills, which form the south 
and south-east of the county, running by Royston and Linton to Newmarket. 
These three divisions include all the old stratified rocks of Cambridgeshire, 
which are thus seen to belong to two of the great geological divisions only, 
viz. the Oolitic and Cretaceous. They have a strike^ or line of direction 
or extension, along the surface from north-east to south-west, while they each 
incline or dip to the south-east, passing under the bed next above, so that the 
lowest and oldest rocks are the Oolite Clays just mentioned as occurring on 
the western side of the county. 

The fourth division is a portion of the great fen district, and is composed 
of beds of clay, peat, and gravel, which rest upon and conceal the northward 
extension of the older strata which forms the three districts before described. 
The river Ouse, in its course from east to west across the county, defines pretty 
clearly the southern termination of the fens» 
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We shall now consider each district with as much details as our space permits, 
pointing out the nature and position of the rocks, and the character of their 
fossils, concluding with a brief statement of the evidence which is here 
afforded as to th^ antiquity of man. 

The Oolite, —In the south-west of England, from Dorset to Oxford, and 
again in the north-east, in Yorkshire, we have two great beds of clay belong- 
ing to the middle and upper part of the Oolitic system, separated from each 
other by an intervening l>ed of limestone— more or less continuous — which is 
called the Cared Rag. This limestone has associated with it two sandy beds — 
one above and the other below — which are called the Upper and Lmcer Cal- 
carecu8 Grit. But from the quarries at Headington and Wheatley, near 
Oxford, to Acklam Wold, in Yorkshire — a distance of 240 miles — there is no 
good line of demarcation between the Oxford and the Kimmeridae Clays, with 
the exception of certain limestone bands in Cambridgeshire wnich we shall 
describe. Two great clay masses pass into each other gradually and insen- 
siblv, and it becomes impossible to lay them down separately on a map. 

line sections in the Oxford Clou are to be seen in the brickyards at St. Ives 
and Peterlx>rough, but these are both outside the county boundary. The same 
stratum passes under the fen beds and forms no doubt the foundation of 
all the low flat country round the Wash. At two or three points the Oxford 
Clay rises above the later deposits, as round Whittlesea and Thomey, forming 
what were once islands when the fens were undrained. There is a lai^^e pit 
to the north-west of Whittlesea, where the Oxford Clay is seen to be of a deep- 
blue colour, and to contain much pyrites and wood. There are also clay.pits 
round the town of Whittlesea, which have yielded many beautiful ammonites, 
together with Gryphcta dilatata, a large and very characteristic shell. At 
Eastrea brickyard clays, perhaps rather higher in the Oxfordian series, are 
worked. . Passing farther south, we find the Oxford Clay extending from 
Fenney Drayton, by Papworth St. Agnes, to Eltisley and Croxton. Here it 
forms rather high flat ground ; but being thickly covered by boulder clay, 
there are few sections visible. The region, however, is interesting from the 
occurrence of several bands of hard rock in the clay, which were discovered 
by Professor H. G. Seeley, and the exact position of which in the Oolitic series 
is very doubtful. The most important is at Elsworth, 8 miles north-west of 
Cambridge. Here are layers exposed in the brook-course of a homc^eneous 
limestone, full of oolitic grains and (when unweathered) of a dark-blue colour. 
Whether this rock represents the Lower Calcareous Grit, or is simply a cal- 
careous band high up in the Oxford Clay, is a point of much interest. Mr. 
Seeley is inclined, from the fossils he found in it, to assign to it the latter 
position. There are also thin Ijands of limestone at Tetworth and near Gam- 
tingay and Boxworth. From the neighbourhood of these villages, as we pass 
eastwards, the " clav seems to graduate imperceptibly up to the Kimmenrlge 
Clay of Cottenham. For the transition clays, which contain l)oth Oxfordian 
and Kimmeridgian fossils, Mr. Seeley has proposed the name of Tetworth (or 
Ampthill) Clay ; it would of course occupy the place of the Coral Rag of 
other districts. 

TTie Coral Rag. — Near the little village of Upware, about 10 miles north- 
east of Cambridge, and 3 miles from Reach, there is a low plateau formed of 
limestone (capped by Neocomian Sands), which is probably a remnant of a 
coral reef, the only one on this line between Oxford and Yorkshire. The 
limestone is worked in two quarries, situated at the north and south ends of 
the plateau. The southern pit shows a creamy-white limestone, with layers 
of corals and many other fossils, as Cidaris FlorigemTna, &c. The northern pit 
is in rather lower beds, and shows a coralline Oolite with few fossils, mostly 
echinoderms. 

The Kimmeridge Clay. — This deposit is very thin in Cambridgeshire : it can 
be traced by Cottenham and Hadaenham to Ely, where, at Roslyn Hill, it is 
largely excavated for the purpose of tamping, or making watertight, the 
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banks of the dykes in the fens : its thickness here is 60 feet, and it is a hitu- 
minoos, purplish, or bluish-bbick laminated clay, containing larf(e nodules of 
impure limestone. Many fossils hare l>een obtained here, including nine or 
ten species of saurians, several of which were new species, and have been 
described by Professor Seeley. In a pit, sunk by Mr. Keeping near the Coral 
Kag Pit, at Upware, he found the Kimmeridge Clay curving up unconformably 
against Che limestone, and at the junction the clay had mixed with it a 
quantity of rounded or broken fragments from the Coral Rag, " so that it 
actuallv presented the appearance of lx)ulder-drift.'* 

Of the highest Oolitic strata - the Portland Stone and Sand, and the Purl>eck 
Beds — there is no trace in Cambridgeshire, neither are there any representatives 
of the Estuarine Series which assumes so much importance in the south-east 
of England, where it is known as the Wealden. It is prol>able that Und 
existed in this area during the time of deposition of these strata elsewhere. 

Neocomiak Formation. This important division is scantily represented by 
the beds commonly calletl Lower Greentand. They are of a sandv nature, and 
we can trace them from the well-known " diggings " at Potton in fie<lfordshire, 
by Gamlingay, Bourn, Dry Drayton, and Oakinjfton to Upware. Their thick- 
ness is variable; in the south of the county alxmt 100 f€*et, but thinning 
northwards to only 8 feet at Wicken. Some of tlie sandy l>e<isare sufficiently 
consolidated to fumiHh an inferior building stone, known as " Carstone.'* 
These IxkIs lie under Cambridge at a depth of 100 to 150 feet, and are reached 
by artesian wells, yielding a gcxxl sur»ply of excellent water. At Ely, the 
I>rjwer Greensand is seen renting on Kimmeridge Clay and alnrnt 8 feet thick. 
At Hatldenham it is a liBrht-brownfernitfinouK Man<l 1 5 feet thick. At Upware 
there are extensive workings for coj/rolitea. Proi>erly speaking coprolites are 
the fossilized dung of sauriaiiK, fishes, &c. ; but tlie term has In^en applied to 
all the more or less roun<le<l dark-looking i>hoHphatic nwlules which occur in 
great numlK;rs in these defK)sits. In the sfiallow digj^ings at Upware we see 
alx>ut 8 feet of Neocomian Sands, which contain two phosphate be<ls, an 
upper cme, 6 or 7 inches thick, and a lower one forming t he liase of thedejKisit, 
and from I to 2 feet in thickness. This lower bed contains many |>ebbles, 
which have to be picked out. Fossils are numerous. They may be dividwl 
into two classes, placing in one division those which from their rolled aiul 
water-worn appearance, the marks of l>oring shells which they bear, and their 
usual dark colour, appear to In? derived^ i.e. washed out of some older deposits, 
as the Kimmeridge and Oxford Clays, &c. ; and another set of a lighter hue 
and more perfect preservation, which are of the a^e of the deposit. Most of 
the so-called coprolites are pieces of wckkI, casts of shells, liones, and even 
lumps of mud, all of which nave been penetrated by phosphate of lime, so as 
now to form when properly treated a most valuable manure. 

Cretaceous Formation. — The term "gait,** or "golt,** is applied by work- 
men to any stiff clay, being often used in the Midlands todescril>e the Oxford 
Clay, or even the chalky Boulder Clay. By geologists, however, it has l>een 
adopted as a name for the lowest member of the Cretaceous Series proper, 
which is accordingly termed the Gault. Professor Bonney describes it as a 
''tenacious pale bluish-grey clay, in which are occasional concretions of irrm 
pyrites, often more or less converted into limonite, together with small crystals 
of selenite and not a few rather light-brown phosphatic nr>dules." This stratum 
runs through Cambridgeshire from Giiilden Morden and Kingston by Cam- 
bridge, Girton, Homingsea and Soham, forming flat ground for one or tixo 
miles on each side of the Cam. Its thickness is variable, and it appears to 
lie unconformably on the Lower Greensand. while its upper surface is also 
uneven and much eroded. At Guilden Morden its thickness is alKjut 200 feet, 
and thence it thins northwards to 170 feet at Bassingljoume. 160 feet at Bar- 
rington, 150 feet at Haslingfield, 120 feet at Grantchester, and under Cambridge 
it is only a little over 100 feet in thickness. In fact in this county the Gault 
has suffered great erosion ; all the upper portion has been worn away, and we 
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shall find the residue of the denuded portion at the base of the next higher 
deposit — the Chalk-Marl. We can study the Gault in many large excavations 
where it is worked for brick and tile-makinff, as in the deep pit on the right 
of the Newmarket road near Cambridge, and at Barnwell. At the latter placd 
lines of " coprolites " are seen. Many of these Mr. SoUas has found to be 
phosphatized sponges. Other fossils are not common near Cambridge, but 
further north, at Beach, &c., the usual common gault fossils, as Belemnites 
minimus and Inoccramus concentricus, are found. From an examination of the 
shells in this and in other areas, and a comparison of their habits with those of 
existing molluscs of the same genera, Mr. F. G. H. Price has come to the 
conclusion " that the Lower G^ult was a near-shore or muddy estuarine deposit^ 
and that in course of time, as the sea-bed gradually sank, so did that sea. 
naturally become deeper and deeper," as is shown by the disappearance of 
shells which inhabit shallow water and the incoming of genera of deeper 
seas. 

The Chalk-Marl, — To see the base of this division it will only be necessary 
to visit some of the numerous coprolite workings which occur along its 
outcrop for a distance of 50 miles, from Soham to Hitchin. The chief pits lie 
near Grantchester, Meldreth, Whaddon, JShepreth, Homingsea, Coton, and 
Royston. The sections here exposed show on the top perhaps 2 or 3 feet of 
gravel and sand, then 10 to 20 feet of chalk-marl, which is of a greyish tint, 
and is locally called "clunch." The lower part of this marl contains many 
green grains, and its base is " a stratum Uirely a foot in thickness, which ia 
full of green grains, and black granules and nodules, looking like a sediment 
from the purer marl al)ove. The green grains are the mxnQmX glauconitey and 
the black nodules phosphate of lime, often but erroneously called " coprolites." 
This stratum is the famous Canihridge Greensand, and was long thought to 
represent the true Upper Greonsand of the south of England. Messrs. Whit- 
aker, Jukes-Browne, and others have now shown that this bed is really the base 
of the Chalk-Marl. The Upper Greensand proper comes to an end a short 
distance north of Tring, in Hertfordshire, and the Upper Gault similarly, near 
Barton, in Bedfordshire. These beds must have been washed away in Cam- 
bridgeshire, probably by strong marine currents, and we have their •• riddlings," 
as it were, in the conglomeratic stratum which constitutes the base of the 
Chalk-Marl. In 1877 there were raised from this seam in Cambridgeshire and 
Bedfordshire 55,000 tons of phosphatic nodules, valued at ;^i50,ooo. The 
trade, however, is falling oflf greatly, owing to extensive imports from abroad,, 
especially from the port of Cnarlestown in America, whence 170,000 tons were 
exported in that year to our manure nuinuf act urers. In 1879 only 25,000 tona 
of coprolites were got in Cambridgeshire, and the average price was £2 7s. 
per ton. A rent of from £100 to ^ 140 per acre has been usually paid for the 
privilege of digging the nodules, the average yield being 300 tons per acre. 
The land has afterwards to be properly levelled, re-soiled, and returned to the 
owner at the end of two years. 

After being dug out, the nodules are washed in a mill erected on the work- 
ings, and then conveyed to the chemical works, where they are ground to 
powder and treated with sulphuric acid, which converts the insoluble phosphate- 
of lime into soluble super-phosphate. 

When the bed is examined minutely, the green grains of glauconite are 
found to be the internal casts of the shells of toraminifera. Many of the 
nodules are phosphatized sponges ; a fact which Mr. SoUas was enabled to 
demonstrate by examining thin semi-transparent slices of them under the 
microscope, i'ossils are very numerous. There are a few bones of birds, and 
many of reptiles and fishes, while shells and remains of crustaceans are nu- 
merous. As in the Lower Greensand two sets of fossils can be distinguished : 
the first occur as dark phosphate casts, and have been washed out of the Gault ; 
the second comprises those which lived at the time of the formation of the 
stratum in which they are found. Of the former, Ammonites splendens, A, 
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rostratuSf and A. auritua, and of the latter Exogyra laciniata, and Plioatula 
nffillina may be mentioned. 

Although pebbles are not so numerous as in the Lower Greensand coprolite 
bed, yet masses of stone of large size are sometimes found, of which there 
are some good examples in the Woodwardian Museum. They appear to be 
rocks which have been brought from the east of Scotland and the south of 
Norway, possibly by floating ice. 

Large outliers of the Ch^k-Marl occur west of the Cam ; but the edge of 
the main mass of the bed lies about 2 miles east of the river. It is about 60 
feet in thickness, and is of a light greyish tint. 

J%e White Chalk. — The Lower Cnalk without flints is worked for building- 
stone at Madingley, JBurwell, Reach, &c. ; and also furnishes excellent lime. 
It is rather too perishable for the outside of buildings, but works very easily, 
and is well adapted for interior carvings. It is impossible in many places to 
draw a precise line between the Chalk^arl and the Lower ChcUkwithotUflintSf 
and the latter again passes up gradually into the Upper Chalk withflints. At 
some points, however, we see a hard band, the Tottemhoe Stone, on the top of 
the Chalk-Marl, and another hard bed called Chalk Bock between the Upper 
and Lower Chalk. In a chalk pit about a mile south of Litlington church, 
there is a hard cream-coloured nodular layer, about 6 inches thick, seen at the 
bottom of the section, and the chalk above is hard and massive. This pit is 

Erobably in the upper part of the " Lower Chalk." Mr. Jukes-Browne has 
itely published the following important classification of the Chalk of Cam- 
bridgeshire, based on the different fossils which the beds contain : — 

Cambridge Greensand or Chloritic Marl 

Zone of Rhynchonella Martini (Chalk-Marl) ... f Lower 

Totternhoe Stone (at Burwell) ... ... ... ( Chalk. 

Zone of Holaster atib-globosus 

Melbourne Rock (10 feet). 

Zone of Rhytichonella Cuvieri ... 

TiOiiQ oi Terebratulina gracilis 

Zone of Holaster planus ... 

Chalk Rock 

2jone of Micraster cor-bovis 
The Upper Chalk forms the line of hills which runs by Roprston and Lin- 
ton towaras Newmarket. In the rounded outlines of these hills, with their 
waterless valleys between, we recognise at once the characteristics of chalk 
scenery. In the various pits the usual chalk fossils are to be found— sea- 
urchins (echinoderms) , known by their rounded form, with such shells as 
Ter^fratula and Inoceramus; the lines of dark-coloured flints are visible 
enough, but their exact mode of formation is as difficult to explain as that of 
the phosphatic nodules called coprolites. Indeed, in the chalk, true coprolites 
are sometimes found : they may generally be told by their twisted exterior. 
The thickness of the chalk is here about 800 feet. The western slope of the 
chalk hills towards the Cam valley is somewhat abrupt ; but the dip-slope 
eastwards is long and gentle. The Gh>g^Magog hills rise to a height of 302 
feet above the sea ; and the heights 0? a few other points on the chalk are 
Babraham (church), 83 feet; Little Abington (church), 104 feet; Linton^ 
f church), 133 feet ; The Rivey (a hill near Linton), 350 feet ; and Balsham 39C ' 
leet. When chalk is examined microscopically, the mass of the rock is found 
to be made up of the minute shells of foraminifera, which probably accumu- 
lated at the bottom of a deep sea comparable to the North Atlantic of the 
present day. 

Thb Drift — Glacial Deposfts. — Of the Tertiary Formations — the London 
Clay, the Crag, &c., which are found resting upon the chalk in Suffolk and ' 
Essex — we get no trace in Cambridgeshire. We pass at once from the Chalk 
— an oceanic deposit — to beds of gravel and boulaer clay, which were formed 
during the last glacial period, a time of excessive cold, when great glaciers 
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existed in Fjiglnnd, and during which the land nndenrent great changes of 
lerel. The lowest glacial deposits in this county appear to be certain beds 
of grarel and sand termed Middle Glacial hj Mr. S. V. Wood, jnn. They are 
exposed near Qnendon, Wicken Booant, &c The latest observations, by Mr. 
Jokes-Browne and others, tend to show that these gravels belong rather to 
the Boulder Clay which rests upon them. This day is a stiff brown or bine 
mass, fall of rocks of all sorts and sizes, bnt especially of chalk, so that it is 
often termed the Great Chalky Bomlder Clay. It laps orer the Chalk hills 
and stretches orer the high ground which lies between the ralleys of the Cam 
and Onse. Its extent and position show (i) that it was cmce a continuous 
sheet covering the whole county, and (2) that it was deposited after the main 
physical features of the county had been formed, since it occurs on the rallej 
slopejt. The a^maller lateral valleys have, however, been cut and the principal 
valleys deepened since its deposit. Xorthwaids the Boulder Clay passes 
under the Fen Beds ; but it stretches in all direct i<xis ^r beyond Cambridge- 
shire, terminating southwards on the brow of the Thames Valley. Its 
thickness in this countv is verv variable, but often above 100 feet. The 
varied rocks and fossils which it contains appear mostly to have come from 
the north, from Lincolnshire and Yorkshire, and some even from Scan> 
dinavia. These may have been broken off and dragged underneath, or pushed 
before a great glacier advancing southwards. £$ome of the masses of rock 
which have been carried in this wav are of enormous size. At Roslvn Hole, 
near Ely, there is a mass of Chalk. Greensand. and Gault, 480 yards in length 
by 60 in width, which is surrounded by and resets upon Boulder Clay, the 
latter occupying a hollow scooped out of Kimmeridge Clay. This enormous 
mass must have been transported by ice from the easrwanls. 

Of later date than the Boulder Clav. from the washiner of which thev ars 
indeed probably derived, are the Hill or Plateaux Graetls found capping Bar- 
rington HilL the Gog-Magog Hills. Copley Hill. &c. Then, at lower heists, 
we have a series of Old Biter GrareU containing shells and bones, tlie latter 
often belonging to extinct species, as the Mammoth. Rhinoceros. &c Lastly 
gravel and mud. the deposit of the existing streams, fringe their courses and 
form the flat -river meadows" alon^r their sides. 

The Fe5 Bbds. — The southern boundarv of the Fen district follows an ir> 
regular line from Earith on the west, by Over and Willingham, to Swaffham 
Pnorv. and thence bv Soham to Mildenhall. All to the north of this line is 
•* a low plain, varying from 5 to 20 feet above mean sea-leveL Much of this 
land is below the highwater level of ordinary tides, and would be overflowed 
but for the erection of great banks along the sea-board, which are known as 
the *'sea walls.** Slight elevations of from 20 to So feet stand out from the dead 
level of the fens like islands from the midst of the sea. Such are Elv, Whittle- 
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Fig. 12.— Sectkm afCrtMS BatdKr's HiD. benreen Litt'eport and Wdiiej. It is a small 
example oC one of tbe-f^iskAds** o< former d^fs^ (After ^kcrtcfalj, Ueol. s>arvej.) 

a Pwt. d Boulder day. 

6 saflt. e Kimerki^ Oaj. 

c SMmd and GiaTd. xx Water line. 

sea, Thomey, Eastrea, &c ; with these exceptions there is nothing to break 
the monotony of the plain ; and when the isles and bounding hiUs lie beyond 
the field of risicNa, the landscape is as even, and the horizon as circular, as is 
the sea-view when no land appears. Through this dreary land the Nene and 
the Ouse once found their sluggish way, interlacing at numerous points, almost 
losing themselves in meres and morasses, flooding the land in winter, drying 
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ioto striogs of sUgnant pools in Bummer, and on meeting the salt-water of the 
■eo, pushing it hack till the tide, gathering atreagth, overcame the river waters 
and ruBhtd up the eatnaries as bores. Sow the rivers are banked and travel 
direct to the sea. the winding eBtuariea are Btraight aoed, and bores are of very 
rare occurrenn;. every mere aod morass is drained, the whole country is in- 
teraected with artificial djkes. and powerful engines pump the auperflnoua 
water into the arterial cuts. The land, whieh up to the time of Elizabeth 
fnrDished onif coarse fodder to cattle and geeae, and afforded a home to 
Mmntless wild fowl and flah, tipon which a half-savage scant; population 
sabsisted, is entirely under cultivation, possesses but few acres of waste, and 
forms one of the richest agricultural districts of the kingdom." (Skertchly.) 

The lowest Fen Beda are graveU of marine origin, which crop ont all round 
the edge, and of which large patches also occur at March, Whitllesea, and 
Chatteris. As it furnishes a solid foundation and a fair water supply, we find 
many villages on il. 

I'tal occupiea a much larger area. It rests upon the gravel, and as ws 
follow it towards the sea, we find intercalated beda of lUt or warp or mnd, one 
kind of which has l>een called " buttery clay." The silt is a marine deposit, 
being the mud left behind by the tides, aiu) in this way a width of Und of 
three miles has at some points been formed since the itomaa Period— a fact 




which, ti^ther with the extensive enclosures which have been made, has 
transformed Cambridgeshire from a aea-coaat to an inland county. The 
average thickness of the peat, is about 6 feet. It is lai^ely dug for fuel in 
the neighbourhood of Ely ; it contains at least five " buried forests," or hori- 
zons on which stools and Irauks of large trees are found. The land formed b; 
it can be readily distinguished by its blackoess and even surface and by the 
absence of hedge-rows. 

PsEiiiBTOKic MiK. — The earliest traces of the eiistence of man in this 
country consist of stone implements mostly made of fiint. We can diatinguish 
two distinct claases of these stone tools, both in their appearance and mode of 



1. PaUrolilhic or Old Slant Age. — The specimens which belong to this period 
are uanally found in beds of gravel, aand. or loam. They are from 4 to S 
inches in lenath, and are either pointed or oval in form. They were evidently 
manufactured by striking off flakes from a anilahte lump of fimt with a stone 
pebble until the desired form was produced. 

z. ye^ithic, or Keuvr Stone Age. — The implements of this period are found 
on or close to the surface, or in the tnrrows or tumuli, which are the burying 
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places of ancieat chisfg, Tbeir forma are varied and elegant, and exhibit an 
imnienBe advance in skill on those of the PsUeolithic age. Moreover rnnay of 
them hare been poliahed by rubbing on stone elabs. 

There are no connecting linlia in England between these two divisiona of 
the great " Stone Age," and many theories have been advanced to account for 
the abruptneaa of the transition from one to the other. The discoveries of 
Mr. Skertchlj have now made it almost certain that the break is due to the 
coming on of the Glacial Period. The Falseolithic implements belonged to men 
who lived in this country before the time of great cold, which came on perhaps 
a quarter of a million jaaraago. Driven southwards by the ice, they probably 
inhabited the south of Fiance and similar Latitudes for a long period of years. 
Then the cold having passed away, their descendants many thousands of years 
afterwards agaio returned to this area; bat in the interval they bad made 




bttween EI7 lud Utdeinrt. 



utride Fir, Wood Fen. 



great progress, had attained great skill especially in the manufacture ot atone 
tools, and to their relics we apply the term neoHthic. 

Then came the discovery of metals — first, copper and tin, of which the 
Brume Age gives evidence, and then comes on the Inm Age in which we live. 

Palieolithic implements have been found in the gravel pits at Barnwell, 
Chesterton, and the Observatory Hill, Cambridge. 

Of neolithic toola many specimens have been obtained. The fen district, 
especially Burwell Fen, has yielded many celts, arrow-heads, flakes, scrapers, 
hammers, &c. At Ely a fioe perforated aie-hammer made of greenstone has 
been found; some well-polished celts have been found at Coton, and altogether 
there are from thirty to forty localities in Cambridgeshire in which relies of 
theStone Age have been met with. Of these full particulars may be found in 
Mr. John Evans' eicellent book on the "Ancient Stone Implements of Qreat 
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Natural History and Scientific Societies. 

Chester Society of Natnral Science. Annual Report. 

Historical Society of Lancashire and Cheshire ; LiverpooL Transactions. 

Museums. 

Museum of the Mechanics' Institute, Chester. 
Macclesfield Museum. 
Stockport Museum. 

Publications of the Geological Survey. 

Maps. — Quarter Sheets : 73 N.K Nantwich ; 73 N.W. Whitchurch, Malpas ; 
79 N.E. Liverpool, Holywell ; 79 S.K Flint, Mold ; 80 N.K Altrincham, 
Riutsford ; 80 N.W. Prescott, St. Helens, Warrington ; 80 S.W. Chester, 
Tarporley; 80 S.K Northwich, Middlewich; 81 N.W. Stockport; 81 S.W. 
Macclesfield ; 88 S.W. Manchester, Oldham. 

Books. — Geology of the Country round Altrincham, by E. Hull, is. Geology 
of the Country round Stockport, Macclesfield, Congleton, and Leek, by Hull and 
Green, 4s. Geology of the neighbourhood of Chester, by A. Strahan, 

Important Works or Papers on Local Geology. 

List by W. Whitaker, Esq., in the Proceedings of the Liverpool G«o- 

l(^cal Society, of 190 books, papers, &c., published up to 1873. 
1835. Egerton, Sir P. G. — Gravel Bed containing Recent Marine Shells at " The 

Willington,** and at Narley Bank. Proc. GeoL Soc., voL ii. pp. 189 

and 415. 
1848. Ormerod, G.W. — The Salt Field of Cheshire. Joum. Geol. Soc., voL iv. 

p. 262. 
1865. Brodie, Rev. P. B. — Remarks on the Lias Outlier in South Cheshire. 

Proc Warwick Field Club, p. 6. 

1869. Hull, Prof. E. — On a Ridge of Lower Carboniferous Rocks, probably 

occurring beneath the Trias of Cheshire. Joum. GeoL Soc, vol. 
XXV. p. 171. 

1870. Maw, G.— %Rhaetic Beds in Cheshire. GeoL Mag., voL vii. p. 203. 

1872. Mackintosh, D. — Sea-Coast Section of Boulder Clay. Joum. GeoL Soc., 

voL xxviii. p. 388. 

1873. Mackintosh, D. — On Remarkable Boulders. Joum. GeoL Soc., vol. 

xxix. p. 351. 

1873. Ward, T.— The Cheshire Salt District. Proc. Lit. and PhU. Soc 

Liverpool, No. xxvii. p. 39. 

1874. Reade, T. M.-HShell8 of the Cheshirs Low Level Drift. Joum. GeoL 

Soc, voL XXX. p. 27. 
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1874. Shone, W. — Foraminifera in the Boulder-clays. Joum. Geol. Soc., vol. 
XXX. p. 181. 

1877. Mackintosh, D. — New Sections of Boulder Clay. Journ. Geol. Soc., vol. 

xxxiii. p. 730. 

1878. Shone, W. — Glacial Deposits of West Cheshire. Joum. Geol. Soc., vol. 

xxxiv. p. 383. 

1879. Dawkins, W. B. — Mammoth Pre-glacial in Cheshire. Joum. GeoL 

Soc., vol. XXXV. p. 140. 
1 88 1. Strahan, A. — Lower Keuper Sandstone of Cheshire. Geol. Mag., p. 396. 

See also General Lists, p. xxv. 

Geologically speaking, the structure of the county of Chester is characterised 
by simplicity and uniformity. Nine-tenths of its area is composed of rocks 
belonging to one geological formation only — the Trias or New Red Sandstone ; 
the remainder is composed of beds of Carboniferous age, which form the hilly 
region of the east and north-east. 

The district cannot be said to have been neglected by geological writers. In 
a " List of Works on the Geology, &c., of Cheshire," compiled by Mr. W. 
Whitaker, and published in the Proceedings of the Liverpool Geological 
Society for 1875-6, we find the titles of 190 articles written bv 85 authors. 
Of these, however. Professor E. Hull claims no fewer than 28, Mr. G. H. 
Morton, of Liverpool, 19, and Mr. E. W. Binney, of Manchester, 18. 

The whole of the county has been examined by the officers of the Geological 
Survey, and their published maps, sections, and memoirs form a full and 
satisfactory guide to a complete knowledge of its structure. 

Mr. Binney's papers were chiefly published in the Proceedings of the 
Literary and Philosophical Society of Manchester, and those of Mr. Mortem in 
the publications of the Liverpool Geological Society, and of the Literary and 
Philosophical Society. 

Cheshire forms an exception to the fact that in England the oldest rocks 
occur as a rule in the north-west part of any district whose geological structure 
we wish to describe. On the contrary, the first-formed and consequently oldest 
rocks occur in the east and north-east cf Cheshire, where the boundary line 
extends up to the Yorkshire Moors. The cause of this is to be found in the 
upheaval of the Pennine Chain, so that rocks of Lower Carboniferous age have 
there been brought to the surface and exposed bv subsequent denudation. 

These Lower Carboniferous beds we also find, so to speak in their correct 
place on the west side of the river Dee, where a fine ridge of rocks of the age 
of the Carboniferous Limestone and Millstone Grit runs north and south for a 
distance of 21 miles, the town of Mold being the central point. Looking from 
these hills eastwards we have before us an extensive plain composed of " Red 
Rocks " of Triassic age, thicklv overlaid with boulder clay, and composing, as 
has been said, nine-tenths of the county. This plain is over 40 miles in width, 
and its eastern boundary is formed by a repetition of the identical strata — 
the Carboniferous Limestone, Millstone Grit, and Lower Coal-measures — upon 
which we have taken our imaginary stand in Flintshire. 

As the oldest rocks occur in the north-east, we must commence our geological 
description there. 

Carboniferous FoematIon. — The lowest bed or member of this well-known 
series of rocks is the Carboniferous or Mountain Limestone, which in Derbyshire 
occupies an extensive tract of country between Buxton and Matlock. In 
Cheshire it only peeps lip at one point, viz., the Astbury lime works, east of 
Congleton. It hardly occupies any surface area, and is said to have been 
discovered by a Derbyshire servant girl about 200 years ago, who noticed that 
the rock in the brook was the same as she had seen burnt for lime in her native 
comnty ; it has been worked ever since, and is much sought after, as it yields 
ood hydraulic lime. The rock occurs just on the east side of a great 
ocation, called the " Red Rock Fault," which we shall describe further on. 



Thi YoredaU ^m^s.— These beds rest upon the limestone juat described and 
attain a total thiclnieBS in this region of 4/X)0 feet. The; extend from Con- 
glelon Edge to St. James, 
south of Alaoclesfield, and 
thence eastward for three 
miles, and thea run up 
the valley of the river 
Gojt to a point about k ^ 

half-way between Taiall S p? 
and Pott Shrigley. They __ g |1, ! 
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of black shales, alterna- fi-ET '"^ 
tiog with thin black ^IgE" a& n 
earthy limestones (pei^ ^^-el -S ^ ^ 
haps the equiralent of g3 ' ^-J,.^.,-, I 
the Upper Limestone =" '^ o-s-i-wh- 
5Aai6t of other districts) ^^ | Sf-^l^g 
than comes a considerable | I" ? "■ 3. ~ -2. 
thickoeBa of hard fine- g , ?,^"~-? 
graioed sandstone, sui^ 
mounted by alternations 
of dark shales and sand- 
stones. Fossilsare scarce 
but Gona/iteu, Chonetrs 
ProdiKtw, &c., have been 
found at Coogleton Edge 

The Millefme Gnt — 
The beds which bear thi 
familiar name have bee 
subdivided by Profe-'so 
Green as follows ; — 

First, Grit, or Rough 'S 
Bock, with feathar-edge i 

Shales, with a thin 
coal at the bottom 
near Buxton. 
Second, Grit, or Has- 
lingden Flags, 

Shales, with two or 

three thin coals 

Third, or Roaches Gnt 

Shales. 
Fourth, or Kindest 
6ri(,generallyintwol>e 

The total thickness of 5 ■ 
these beds is as much as S' 
3,000 feet, in the north- I 
east of Cheshire, near 5 
Marple ; but they thin f 
out southwards consider- g- 
ably. The sandstuQes are g 
very massive, and of a I 
coarse grain — <iften con- 
glomeratic in fact. 

The feather-edge coal 
is a very variable seam, 
about 3 feet in thickness : 
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it is finely exposed in the railway cuttings and river cliffs, near New 
' Mills. 

The Millstone Grit can be traced from near Macclesfield, running north-east 
by Kainow, to New Mills, and thence along the Goyt to Marple : it also forms 
the moorland region of the extreme north-east corner of Cheshire, between 
Longden Dale, Featherbed Moss and Holme Moss, and is pierced by the 
Woodhead tunnel of the Manchester and Sheffield Kailway. Fine sections too 
are to be seen along the course of the river Tame. Fossil remains of such 
plants as Lepidodendrony Sigillariat and Catamites are not uncommon, with the 
shells Avictuopecten and Goniatites in the roofs of the little coals. 

The Coal-measures. — The Cheshire Coal-field is a prolongation of the ex- 
tensive coal-field of South Lancashire, running due south from Oldham by 
Stalybridge and Hyde to Macclesfield. The Lower Coal-measures rest upon the 
Millstone Grit, and include some thin seams of coal, known as the Gannister 
Coalf the Bakestone Dale Coaly &c. The Middle Coal-measures contain the 
chief workable seams, which crop out about two miles to the east of Stockport 
and Poynton. There are from six to ten seams, of good thickness and quality ; 
the lowest is the Redacre miney which is identical with the famous Arley^ or 
Boyley mine of South Lancashire. 

Fossils. — The ordinary Coal-measure plants, already enumerated for the 
Millstone Grit, occur in fair abundance. 

Anthracosiay the common Coal-measure shell, also occurs, and the iron-stone 
nodules yield remains of fishes ; everything shows that here, as elsewhere, the 
coal forests grew in mighty swamps near the sea, on an area which underwent 
frequent ,upheaval and depression. 

In 1875 there were 37 collieries at work in Cheshire, and they raised 
658,945 tons of coal, besides 8,200 tons of fire-clay, 1,000 tons of oil shales, 
and 1,500 tons of iron ore. The amount of coal remaining to be extracted was 
estimated in 1871 by Mr. Dickenson at 200 millions of tons; in 1879 there 
were 26 collieries at work, producing 720,350 tons of coal and 6,062 tons of 
fire-clay. 

7%e Neston Colliery. — We must not dismiss the coal question without men- 
tioning that coal is worked at Neston, on the north side of the river Dee. The 
beds here are evidently a continuation of the seams which form the Flintshire 
Coal-field. The measures dip to the north-east, and probably lie under all the 
peninsula of "Wirrall, and pass under Liverpool itself, but at a considerable, 
and as yet unknown depth. Coal has been proved also on the east side of the 
Dee, north of Chester. 

Scenery of East Cheshire. — The tract of land formed by the old Carboni- 
ferous rocks, which we have been describing, constitutes a bold and hilly 
country, forming the west fiank of the Pennine Chain. Several hills rise to 
H height of above 1,000 feet, as Cloud Hill, near Congleton (capped by 3rd 
Grit), 1,190 feet; Tegg's Nose, near Macclesfield (3rd Grit), 1,300 feet; 
source of the Goyt, 1,600 feet ; Eddisbury Hill, 1,000 feet ; Northern Nancy, 
near Kerridge, 930 feet. The height of Marple Church is 624 feet ; the Cage 
in Lyme Park, 882 feet ; Park Moor, south side of Lyme Park, 1,350 feet, &c 

The strike or direction of extension of the strata is north and south, and in 
this direction we see lines of hills and escarpments to run with wonderful 
regularity, the "scarps" being formed of tne hard sandstones, while the 
valleys between have been excavated by rivers. out of the softer shales. The 
whole country rises at once from the Plain of Cheshire on the west : it is cut 
off from it in fact by a great line of dislocation known as the Red Rock Fault, 
which has been traced along the west side of Congleton Edge by Astbury 
lime works, the North Kode viaduct crossing the river Dane, Broad Oak 
Keservoir, Macclesfield, and thence nearly due north out of the county. On 
the east side of this great fault the beds have been heaved up several thou- 
sands of feet, and from the top of the elevated mass all the red sandstones 
and marls which once stretched continuously eastwards have been worn off. 
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The hard beds of the Carbon if erous formation, howerer. hare been better able 
to withstand denudation and now stand np in bold relief. Another dislooiH 
tion, known as the AMiidimal FamU, runs paiallel to the Bed Rock Fault, 
about three miles to the east of it. 

The Pbemiah Formatiok. — The Latter Bed Satideicme is found on the east 
of Stockport, forming a tract one and a half miles in width, and narrowing 
southward until it ends east of Poynton. Manj sections are shown in the 
banks of the Mersej, near Stockport, where the rock is seen to be a bright 
red, sometimes striped and mottled sandstone, very soft and crumbly and 
without pebbles. The beds dip to the westwards. A little outljing patch of 
Permians also occurs at Torkington, near Haxel Grove : the beds here are 
onlj to be seen in the brook-courses. 

Thb Tkias, or New Red Sahdstoke. — It is in Cheshire that the Triassie 
formation attains its chief British development, both in thickness and in the 
extent of surface occupied bj it. 

At first sight it seems almost hopeless to fix any definite lines marking 
subdivisions, in the ffreat mass of red sandstones and marls, which attain a 
total thickness in this county of over 3«ooo feet. By longHX>ntinued and 
patient work in the field. Professor Hull has been able to construct the follow- 
ing table, showing the various beds from below upwards, and to trace and map 
them at every point to which the formation extends. The thickness of each 
bed in Cheshire is also given. 

TABLE OF TRIASSIC ROCKS. 

■|^ ^^ ( Keuper Marls, with Upper Keuper Sandstone 1,500 feet 

*^ ( Lower Keuper Sandstone (Wat erst ones) 400 feet 

Muschelkalk Wanting in England 

I Upper Mottled Sandstone 600 feet 

Bunter < Pebble Beds 800 feet 

( Lower Mottled Sandstone 400 feet 

Tike Bmtier Samdstone, — Bunter is a German word, and means variegated, in 
allusion to the bright and varied tints of the stone. As these are the lowest 
Triassie beds, we &id them exposed in the west of the county, and they, as 
well as the overlying strata, have a gentle dip or inclination to the eastwards. 
The upper and lower beds are soft reddish sandstones, whilst the pebble beds 
between contain vast numbers of well-rounded quartz pebbles, and usually 
form the top of the first of the two series of escarpments which can be traced 
in Triassie districts ; the second escarpment — further to the east — being due 
to the hard beds at the base of the Keuper division. Very fine sections of 
the Pebble beds are exposed in the banks of the Dee, at Holt ; thence we can 
trace the Bunter beds by Chester, and the various subdivisions are well 
shown at several points in the peninsula of Wirral, both on the coast, as at 
Burton Point (junction of Pebble beds with Lower Mottled Sandstone), West 
Grange Hill, West Kirby, Eastham (ditto), Hilbre Point, the "Red Noses* 
at >iew Brighton (Upper Mottled Sandstone), and in various quarries inland 
at Shotwick, Birkenhead, &c The Bunter is a splendid water-bearing for> 
mat ion, and wells sunk in it near Birkenhead are now yielding a total of more 
than seven millions of gallons daily, whilst Liverpool is deriving an equal 
quantity from the same rock, on the northern side of the Mersey. The town 
and works of C^we are supplied with water of singular purity from a deep 
well in the New Red Sandstone, sunk at Whitmore station, on the recom- 
mendation of Professor Hull, affording another proof of the importance of 
geological knowledge to our every-day life and interests. 

T%e Keuper Beds. — On the Continent we find thick beds of a shelly lime- 
stone — the Muschelkalk, resting upon the Bunter; but these are al>sent in 
England, and we infer that this region was probably elevated, and formed drr 
land for a time, to sink again when the Keuper strata were being deposited. 
Confirmation of this theory is obtained from the fact that where the junction 
of the Bunter and Keuper beds is exposed, the former are seen to present a 
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or eroded surfnce, telling of a toog interral of time during 

ire exposed to denuding^ influences. 

The lowest Kenper bed ti a hard conslomerate, and 
^ aboie it come light red, jelloir, or white sandatoneB, 
M jieldine bailding stone of good qnalitj. Then come 
^ the " Wateratbnes." so named b; Mr. Onnerod from 

■ il an appearance OD the sorfnces like watered silk, although 

the term is now generallv understood to apply to the 
copious flow of water which these beds pefd when 
tapped by a boring. Next we get a great thickneaa — 
OTer i.ooo feet— of Bed MarU. with beds of rock-salt 
near the liase. and an irregular band, called the Upper 
Keuper sandstone, about 200 feet from the top. 

All the plain of Cheshire oast of the Peckforton 
Hil Is is composed of these Keuper beds, bat the monotony 
of the surface is relieied bj one or two striking escarp- 
ments, which wo will first describe. Between Malpas, 
Tarpiirlej, and Frodsham there eiist aevaral faults, 

■ I running north and south, which with the unequal hard- 
J ness of the strata have produced escarpments of coo- 
I aidemhleabraptnessandaltitude. The Peckforton Hills 
a rise to a height of nearly l.ooo feet, as at larkton 
S ^ Hill. Lee Cliff, Garden Cliff. Raw Head, and Beeaton. 

Their western slopes are formed of Bunter sandstone, 
■Q and the summits consist of the hard onglomerate 
I '7- basement Iwd of the Keuper. To the north and south 
_g = they are cut off by cross tanlts. and on the east their 
•a ^5 boundary is a north and south fault, with a downthrow 

3= to theeast which brings in the Keuper marU. Springs 
X hurst out all along the line of this east fault, from 
S t Beeaton Caslle to Malpas, and a lode of copper ore 
■s - has been worked in it at Qallantrr Bank, 
ij At Alderley Edge in the north-east of the county 
8 ■ we get another elevation formed of Keuper sandstone 
S I and conglomerate. The Edge runs east and vat for 
I a about two miles from Chorley to Harcsfleld, and rises 

ij to a height of 650 feet. Carbonate of Copper occurs 
1 here also, and the ore is now worked: it is from the 
5 ^ occurrence of copper ore in them that the Keuper beds 
J « derive their name, Reaper being derivi-d from Kapfer, 
" T the German word tor copper; some, howerer, would 
5 derive the term Kenper from another German word 
meaning rioy 01 marl. Prof. Leiiour. however, who is 
. an authority on geological nomenclature, has kindl; 
% informed us that "Keuper is a local t 
£ patoii, in fact), applied bj- the workmen, not only to the 
H metal, copper (Kupfer), but also to the rock impregnated 
with coppery ore. 

The £oirerffeuper&iH(Won« are eitensirely quarried 
at Storeton Hill and >'ew Brighton, near Birkenhead, 
and at Delamere. Manley, and in the Peckforton Hills. 
The beds are often travemed by suncracks and foot- 
prints of ft remarkable reptile — the Lahi/rinthodoti^ale 
J not nnfrequent on the surfaces of the slabs. 
. Keuper Marh icilh Boci-SaU.—Btda of silt have 

I long been known to exist in the Keuper Red Maria of 
* Cheshire, beneath the towns of Xorthwich. Winaford, 
S Uiddlevich, Sandbsch, Luwton, >'ttntwieh. &c. There 
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«M t«« belts of Mtrk-i^U.thp first \* founl WIkt Niirthvioh al s<lrp<h at IK) 
fret. KDd is 75 frri ihirk: IT «ss disrovrrwl in 1670 Murine h l.iHntc for naL 
AboDt a rentnrr ago, an agcnl of the Duke of BridirwalprB Iwml 30 feel 
ticlo* the up{¥r lalt )«d aoil Mruok anather —lover --l<n] of nit. whioh 
tomed ODt to he from 90 tn Izo feet thick i of Thi« Gne l-ni nKwt 15 feet ia 
lhiekDe»i of tlie purest prn i" now mined at Nonhirii-h. A (real ileal of 
Itnoe 1! also puni)-e<l up. arxl Wine erajxirateil. abont 35 per eent. of pure «1t 
IB ohtained. Tlii> <-onie« ehieflT from tHiiKWater vhirh ha* prrrolated throng 
(he upper salt-l^. The efleet's of thi- removal of ihii-k ni ' ' - - 

heikealh ihe sorfajT have made themselvcfi rrrv se^illu^ly I 
The FurAiee there is prndnalir Hinking. wi tlial h-.>u>es hav 
rebuilt, and quite n lake ia being fnrmeil al one |«iiu(. ale 
iimall htvKik that ran into the river Wearer: further t 
ocmm^ in Deeem1-er, 18S0. 

To ejplaiu the oripnal formation of the ssli we mm 
Ticks 10 have hecn deposited in creat inland sail lake; 
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nesfiof the waler, and the i^uaulilv iif sails of iron. &c. fflim-eveil into it hj 
rivers, were inimii'al to aninul life, of whifh nerurdinclj we find »'Hreelv a 
truer, OwHfionall; the waters vrere M> (■oneenlmled as to deposit tlieir 
eiepssof sail in l<ds more or less thick, tireat quantities ufmrlmiuite of 
iron were brought down bv the river waters, ke.. and on exi«»are to the air 
this was FHpidlvmnyerled into peniiiJe -if iron. I<v the esmiv of Ihe earininip 
arid. Such was the amount uf <aide uf iron prest-nl that the minule lanieleH 
of sand or mod, as thej wetv deposiietl im the Imliom. were «aeh em-nisled 
with a pellicle of it, and the maris and naiKlstoiics (-otisequintly Live a more 
or less deep red Kitour. 
The amount of »t]t pioduoeit in 1S75 in Cheshire wk.s - 

White Sail l.2;;,;oo tons 

Rode Salt 105.000 tons 

Tntal 1.J60.500 tons 

The various aroall takes or meres which are dolled over the surfa<v irf 
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Chesliire are very probably owing to subHidences of the surface caused by the 
dissolving of beds of salt which once lay l>eneath. The Re<l Marl used 
formerly to l>€ largely dug and spread over the land as a toy>-dressing, and the 
hollows of old marl-pits may still be seen in many fields. It forms a rich and' 
go(Ml soil where it occupies the surface, but it is usually overlaid by a greater 
or less thickness of the surface deposits shortly to be described. 

The Rii/Ktic Beds and Jx)wbii Lias. There is a well-known (by name) 
Liassic outlier l>etween Whitchurch and Market Drayton, the northern portion 
of which is in ('heshire. A line drawn from Burley Dam to Audlem marks its 
northern e<lge. Here we see red and variegated rubbly marls forming the top 
of the Keu|>er. Then come the Klia*tic bwls, comjxised of very liard grey 
marls and sandstones, cappe<l by sands, slinles, and limestones of the Lower 
Lias. A fault runs along the eastern edge of this outlier, which extends 
southwards past Frees to FMslaston. , 

Tub Drift. Good work lias been done by Messrs. De Ranco, Shone, 
Mackintosh, Reade, and others in investigsiting the de|)0|j(its of clay, sand, and 
gravel, which are spread so thickly and continuously over the greater part of 
Cheshire and I^ncashire. A triple division appejirs to liave been nuKle out, 
viz. an I'pper aq^rl^f^wer BouUler Clay, with sands and gravels between. 
The Boulder (^'lays are full of fragments of foreign r^x'ks, most of which have 
come from the I^ake -District, or thp south of,.Scotland, often striated and 
pf)lishe<l, an<l appear lo liave been brou^^t by glftCi'ers or dropped from melted 
icebergs. The Middle S^nds mfty mark an lotemil in the intense cold of 
this glacial peritHl. From all three divisieus of these drift deposits many 
shells and fragments of shells have been •brained by the gentlemen named 
above," g and "they are HKjstly of species whiah* now inhabit the Northern or 
Arctic sea$., F'ine sections Wif these glacial dep<isits are exposed at Dawp<K)l, 
and at v9H^us other clrff sections in Wirml, and they extend thence more or 
less all oTe|: the Red Mart of the Plain of Cheshire, usually completely 
masking thcf cttrata below. 

Fkeiiirtokic Man. - The remains of early man appear to be very scarce in 
this county, but one or two important " finds '* liave tjccurred. A celt or 
stone aa^e wa* found near Tranmere which h»<l part of its wrjoden handle still 
remaining; tlie greater jjart of thi> wood Imd perished, but enough remained 
toshowtliat the handle liad passed in a slightly diagonal direction towards 
the upper end of the «tono; it is now in t he Mayer Museum, at Liverpool. 
Ag.iin. the historian .Stukeley states tliat in cleansing the moat at Tabley, 
near Knutsford. '* they found an old British axe, or name such thing, made of 
lartre flint, neatly ground into an edge, with a hole in the middle to fasten into 
a handle; it would sene for a battle-*ixe." Another perforated axe, made 
of grit, and y.j inches long, was found at Siddington, near Macclesfield. Mr. 
De Ranee reconls a quoit-shaped stone implenient.' 6 inches in diameter, from 
drift 20 feetbetow the surface, at Stalybrid^e Bailway Station, and a smaller 
ring of stone Mas found in gravel near Macclesfield in i860. 
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Natural History and Hcientific Societies. 

Cornwall Royal Polytechnic Society ; Falmouth. Annual Report. 

Royal Institution of Cornwall; Truro. Journal. 

Miners' Association of Cornwall and Devonshire ; Truro. Papers and 
Proceedings. 

Plymouth Institution and Devon and Cornwall Natural History Society; 
Plymouth. Annual Report and Transactions. 

Royal Geological Society of Cornwall ; Penzance. Transactions and Reports." 
. Penzance Natural History and Antiquarian Society. 

Museums. 
Falmouth Museum. 

Natural History and Antiquarian Society's Museum. Penzance. 
Museum of the Royal (reologic^il Society of Cornwall, Penzance. 
Miiseum of the Royal Institution of Cornwall, Truro. 

Publications of the Gbologicj^l Survey. 

3/«/:/?.— Sheets : 24, C-oast= from Bolt Head to Vj\M liooe, Plymouth ; 25, 
Launceston, Tavistock, Callington, Dartmoor; 26. Bideford, Holsworthy, 
Hatherleigh ; 29, Coast from Hartland Point to C'amheak ; 30, Camelford, St. 
Columh, Bodmin ; 31, St. Austell, ('amborne, Redruth ; 32, Liziird Head; 33, 
Land's End, Penzance. 

BooAa. Report on the Geology of Cornwall, Devon, and West Somerset, by 
De laBeche, I4H. Palaeozoic Fossils of Cornwall, Devon, and West Somerset. 
by Prof. Phillips. 

Important Works or Papers on Local (iboloov. 

List by Mr. Whitaker of 654 works by 237 authors in No. xvi. of 
the Journal of the Royal Institution of Cornwall. 1875. 
1868. Holl, Dr. H. B. Older Rocks of East CornMall. Journ. (Jeol. Soc., 
vol. xxiv. p. 400. 

1870. Peach, C. W. -Cornish Fossils. Report Brit. Assoc. 1869, p. 99. 

1871. Collins, J. H. Handbook to the Mineralogy of Cornwall and Devon, 

Truro and Lond. 

1871. Allport, S. Phonolitefrom the Wolf Rock. Geol. Mag., vol. viii- 

pp. 247, 336. 

1872. Pengelly, W. — Insulation of St. Michael's Mount. Journ. Roy. Inst.. 

Cornwall, No. xiii. p. 81. 
1872. Pattison. S. R.- Upper Limits of the Devonian System. I*roc. Geol. . 

Assoc, voL ii. p. 277. 
1872. Henwood, W. J.— Metalliferous Deposits of Cornwall. Journ. Roy>. 

Inst. Cornwall, No. xii. p. 9. 
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1873. Collins, J. H. Mining District of Cornwall and West Devon. Prrx;. 
Inst. Mechan. Eng. for 1873, p. 89. 

1875. Phillips, J. A. The Mining Districts of Cfjmwall. JouriL GeoL Hoc., 

vol. xxxi. p. 319. 
1876- Belt, T. The Drift of Cornwall. Joum. Gef>l. Soc., vol. xxxii. p. 80. 

1876. Phillips, J. A. The sf>-<!allwl "Greenstones** of Western C<jmwall, 

Joum. Geol. Soc., vol. xxxii. p. 155. 

1878. Phillif>s, J- A. " Greenstones'' of Central and Eastern Cornwall. Joum. 
Geol. »Sfjc., vol. xxxiv. p. 471. 

1878. Foster, Dr. C. I^e Neve. Great Flat lyxle wmXh of Redruth and Cam- 
borne. Joum. Geol. Soc., vol. xxxiv. p. 640. 

1878. Collins, J. H. The Henslj«m>w Granite District. Lake, Trun>, 

2S. 6fl. 

1879. l-'ssher, W. A. E. Historical Geology of Cornwall. Geol. Mag., vol. 

xvi. p. 27, &c. 

1880. Phillips, J. A. —Concretionary Patches, &c., in Granite. Joum. Geol. 

•Soc,, vol. XXX vi. p. I. 

See aim General Li sin, p. xxv. 



WiiE.K the rocks of any country are known to be rich in sul>stances which are 
valuable to man, it is plain that they are likely to attract considerable atten- 
tion and study, while the mines or works necessary to obtain the ores, &c., 
will themselves teach us much concerning the relations, structure, and modifi- 
cations of the strata, which we c/mld never otherwise have learnt. 

In Mr. Whitakers list, published in No. xvi. of the Journal of the Royal 
Institution of Cornwall, we find the titles of 654 bwjks, papers, and maps, by 
237 authors, which relate U) the geology of Cornwall, and were written 
Iietween 1602 and 1873 ; the great mass of these, however (633 out of 654), have 
been written during the present century, for the scientific study of rocks is of 
very recent origin. 

Among the early workers we may name Rirlase, W. Pryc^, J. Came, W. 
Phillips, J. J. ('onyl»ean*, and Profe.ssor Se<lgwick ; Messrs. Henwood, R.W. Fox, 
C. W. Peach, and K. Hunt connect the old sch^i^d of geologists with the men 
of to-<lay, for they lived on from one epoch to another ; the great work of 
{Sir Henry) De la Beche must never be foi^otten, while of later workers we 
mav enumerate Warington W. Smyth, Pengelly, A. H. Church, J. A. Phillips, 
J. If. Odlins, Professor Bonney, S. Allport, and Dr. C. le Neve Foster. 

The ordinary description of the rocks of Cornwall "four or five islands of 
granite rising from a sea of clay-slate " is sufficiently true to l>e taken as a 
starting pr>int. A l>are and wind-swept peninsula, the wealth of Cornwall 
lies unaer and not on the soil, and in the seas that lave her shores, as witness 
the old Cornish ti>ast -" Fish, tin, and clipper I " 

In describing the ro(!ks of Cornwall, we shall l>egin with the oldest or 
first-f<»rmed ; and at first sight the task might seem U) Ije an easy one. The 
fact, however, is that the stratifie<l rocks of this district have l>een so inter- 
fere<i with, upheave*!, dislocated, disturbed, and altered by the presence and 
intrusion of igneous rocks ; their fossils are .so few, imlistinct or wanting, and 
♦ hey have l>een so little studie<l apart from the metallic ores which they <*on- 
tain, that their exact relations and order of succession are far from V>eing 
thoroughly determine*! or workerl out. The geological map of the county wa« 
executed by De la Beche forty or fifty years ago, before the establishment of 
the Geological Survey ; and although it is a surprising work of skill for the 
time and as the result of one man's lalxjur, yet it does not exhibit the detail 
which we now c/jnsider necessary. When maps of the region on the scale of 
six inches to a mile shall have been prepared by the Ordnance Survey, then 
our Government Geologi<«l Survey will take the matter in hand, and we shall 
liave minute and accurate c;jloured maps showing the extent and position of 
cyary \hh\ of rock. 
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Silurian Formation. — On the south coast, from Chapel Point past the Dod- 
man and round Veryan Bay to Gerran Bay, we find the cliffs composed of 
grits and grey quartzites. In these Rocks at Gorran Haven (Cam Goran) 
Mr. Peach was the first to find fossils, such as the brachiopod shells, Orthts 
caUiarammay O. eleganttda^ StrophoTnena grandis, the trilobites Homalonotus 
bimtcatus, Calymene parvifrons^ &c. ; these show the beds to be of about the 
same age as the Upper Bala Beds (Lower Silurian of Murchison) of North 
Wales. The strata dip south-east, or towards the sea, and may be separated 
from the adjoining Devonian slates by a fault, or (as Sedgwick believed), 
tlie strata may be inverted by the great disturbances to which the country 
has been subjected and thus made to rest upon the Devonians instead of lying 
beneath them as they naturally would do. 

Devonian Formation. —The beds of this age consist largely of clay-slate, 
locally known as killas or shillet ; near the granite this is usually of a green 
or violet hue, changing as the distance from the igneous rocks increases, to 
grey, blue, or buff ; beds of red or grey grit and sandstone also occur, with 
irregular impure limestones and interbedded volcanic lavas and ashes. 
Although these slaty rocks must be some thousands of feet in thickness, yet 
we are not sure of the exact order of their superposition, or as to which are 
the older and which the newer beds. The difficulties, in fact, in the way of 
making out their order of succession are very great ; to begin with, they are 
much broken up, dislocated, faulted, and altered by the disturbances to which 
they have been subjected since their formation : the thrusting-up of enormous 
masses of igneous rock (granite, &c.), through the slates, together with the 
heated waters and vapours which have since traversed the strata, has greatly 
interfered with and changed them. In the south-west part of the county, 
fossils — upon which we rely so greatly in classification — seem entirely want- 
ing, while those which occur in the eastern and northern divisions are 
generally in a wretched state of preservation. 

Lower Devonian. — The red grits and slates at St. Veep, Polruan, Fowey, and 
Polperro are well seen in cliffs along the coast; they dip northwards or in- 
land, and seem to be the lowest rocks of the district. At Ijantirit and Polperro 
scales of such fishes as Scaphaspis and Pteraspis occur ; these were long 
thought to be the remains of fossil sponges, and were named Steganodictyum 
Comubicum by Professor M'Coy, but of their real nature there is now no doubt ; 
spines of fishes (ichthyodurolites) also occur ; these fish-bearing beds may 
perhaps be of the same age as the Lynton slates of North Devon. 

Middle Devonian. — The mass of the strata on the west coast, from St. Agnes 
Head to Padstow and thence inland, by Bodmin and Liskeard to St. Germans 
and Plymouth, is probably of Middle Devonian age. Fossils are fairl3 
numerous in bands of limestone, near New Quay and Padstow ; they include 
the brachiopod shells Strinyocephaliis, Pentamerus brevirostris, Atrypa desqua- 
mataj &c. 

Upper Devonian. — The line of junction between the carboniferous and 
Devonian strata runs from the north-west coast near Forrabury eastwards by 
Lesnewth, Laneast Down, and South Petherwin. Whether the Carboniferous 
rocks rest conformably on the older beds is a disputed point ; Dr. Holl thought 
they did not. At Petherwin there are about half-a-dozen beds of limestone 
which have yielded seventy-three species of fossils, including eight species 
of the characteristic Devonian cephalopod — Clymenia. 

On the coast the Upper Devonians curve southwards to Tintagel and 
Delabole. 

At the latter place are extensive quarries in grey and blue slates used tot 
roofing purposes, paving, tombstones, &c. ; about 120 tons per day are raised ; 
these quarries have been worked since the sixteenth century. 

Up to 1836 the older Palaeozoic rocks were lumped together imder the 
name of GVattwocAre— a miners' term imported from Germany. But Murchison 
and Sedgwick, after examining and defining the Silurian rocks of Wales, turned 
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.their attention to the south-west counties, and distinguished- the rocks which 
there underlie the Carboniferous beds, as being the marine equivalents of the 
lacustrine Old Red Sandstone of Hereford and {Scotland, a conclusion to which 
they were mainly led by the researches of liOnsdale, who stated that the 
.fossils from these Devonian strata, constituted a group intermediate between 
those of the Silurian and Carboniferous Formations. 

Carboniferous Formation. -These heda- Cyhnrniea&ures as they are often 
called — form the northern corner of the county; a line drawn from Boscastlo 
to South Petherwin marking, as has been already indicated, their southern 
■boundary line, where they rest upon the older Devonian strata. 

The culm-measures consist of black shales or schists, with seams of grit 
and chert, and include beds of volcanic ash and dark limestone, generally 
dipping northwards, but much undulated or even contorted ; this is well seen 
on the coast north of Boscastle, where the rocks are also traversed by many 
veins of white quartz. The fossils include ferns and other plant remains, 
;with such shells as Posidonomya, Goniatites, &c. 

Igneous Kocks. — The crystalline rocks of Cornwall, i.e. those which have 

..once been in a more or less fluid state from which they have cooled down, 

occupy a larger surface and are more important than those of any other 

English county. They may be divided into two classes, (i) those which are 

. contemporaneous with the stratified rocks in which they occur, and (2) those 

which are intrusive, having forced their way through or between the slates. 

Contemporaneotis Ign^imis Rocks. — Volcanic action appears to have been rife 

in this district during the period of deposition both of the Devonian and 

Lower Carboniferous strata. We find beds of old lavas — the so-called green- 

, stones — and sheets of volcanic ash interbedded with the sedimentary rocks. 

.The crystalline rocks, formerly lumped together as ''greenstones," are now 

known to need several difl'erent names for their correct designation ; the 

majority are altered dolerites, others metamorphosed ash-beds, &c. ; such 

rocks occur in long narrow bands west of Penzance, in the cliffs on the east of 

.Mount's Bay, between St, Erth and Camborne, round Padstow, and between 

that place and St. Tudy and St. Teath, from the coast at Tintagel eastwards 

to Callington, and between Liskeard and Saltash. These sheets of trap rock 

are indeed very numerous; it is diflicult to distinguish precisely between such 

.as are contemporaneous and others which may be intrusive, but they are all 

, older than the granite, which cuts abruptly through them at several places. 

Intrusive Igneous Rocks. Granite. — The granite of Cornwall occurs in four 
lai^e masses, connected by smaller protrusions and continue<l westwards by the 
rtScilly Isles, which are entirely composed of this rock. These granitic masses 
form the back-bone of the peninsula, rising as small plateaux above the sur- 
rounding slates ; and if we could strip off" the stratified rocks we should doubt- 
.less find granite everywhere underlying them. The mineralogical composition 
of the rock is quartz, felspar, and mica; towards the exterior of the bosses a 
black mineral called schorl often replaces the mica. 

The Cornish Granite is undoubtedly an igneous rock which,when in a melted 
Mate, rose up from l>elow, invading, pushing upwards, and perhai)s, partly con- 
suming the sedimentary strata which originally lay above it. It never 
reached the surface in its melted state, or it would have cooled down much 
more rapidly, and would now present a very different appearance, but it has 
been exposed to view by the denudation of some thousands of feet of sedimen- 
Mry deposits which once covered it over. 

The beds of clay-slate or Killas, surrounding the granite bosses, are much 
••ultered by the great heat from the latter rock, and the eflect can be traced 
to distances varying from a quarter to half a mile ; close to the junction the 
slates have often been changed to micaceous schists. 

Brown Willy District. - Tliis large granite mass has an area of about 65 
.square miles ; the chief heights are Brown Willy, 1,368 feet (highest in Corn- 
wall) ; Rough Tor, 1,296 feet ; Caradon Hill, 1,208 feet. It is 16 miles west 
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of Dartmoor, but the two are connected by the granite of Hingston Down — 
halfway between. 

Henabarrow or St. Austell Granite. — Area about 35 square miles : heights, 
Hensbarrow Hill, 1,034 feet; St. Stephen's Beacon, 700 feet; Carclaze Tin 
Mine, 665 feet. This boss lies five miles south-west of the Brown Willy area. 
A remarkable rock named Luxullianite occurs in the parish of that name ; it 
consists of large crystals of black tourmaline (schorl) and pink felsjmr em- 
bedded in a base of grey quartz ; it is only known from bhxrks found on the 
surface, but these probably come from an east and west dyke, since they run 
in that direction. A fine mass furnished the material for the Duke oC 
Wellington's sarcophagus in St. Paul's Cathedral. 

Fifteen miles further in the same direction (south-west) bring us. to the 
round patch of granite (area, 55 square miles), of which Cartb Mefielez, 822 
feet, is the culminating point. 

• The LancTs End Granite lies seven miles due west of that last named; its 
area is about 65 square miles : Heights Hill, north-west of Towednack, 805 feet ; 
Castle-an-Dinas, 735 feet. Smaller masses of granite occur at St. Michael's 
Mount, Tregonning and Godolphin Hills, Cam Brea arid Cam Marth (near 
Redruth), Cligga Head (near ^t. Agnes), and at Castle-Jin-Dinas and Belovely 
Beacon (near St. Columb Major and Koche). 

Mvans. — These are dykes of quartz-porphyry which run out from the 
granite into the surrounding slates ; they are of later formation than the 
granite, since they cut across it. 

T%e granite is divided into blocks by the numerous jointawhich run through 
it; these joints are mostly shrinkage cracks produced in the mass when cool- 
ing; they greatly facilitate the quarrying of the rock. The largest works are 
at the Cheesewring near Liskeard, at Penryn, l^jimoma, Mill Hill in Maldron, 
Falmouth, Carn Brea, St. Austell, Par, and Calstock ; these have furnished 
the materials for many important public works, as the London Docks, West^ 
minster Bridge, Thames Embankment (in part), 6rc. ; the shaft of the Welling- 
ton Monument at Strathfieldsaye is of one solid block of granite, 30 feet in 
height, from Constantine. 

Many of the elvans when polished form beautiful decorative atones for 
colunms, &c., from their porphyritic character. 

The exposed summits or tors of the granitic masses weather away most 
rapidly along the lines of the joints, and from this circumstance it not unfre- 
quently happens that one block is left poised upon another at some point 
generally near its centre ; it then forms a Inc/an or rocking-stone ; the l)e8t 
known is at Castle Treryn, St. Leven ; it weighs 65 tons. 

Serpentine. — This is a compact soft but tough rock of a green, grey, or red 
colour, sometimes traversed by veins of whitish steatite or soap-stone, and 
often veined or mottled, furnishing a valuable stone for decorative purposes ; 
its chemical composition is a hydrous silicate of magnesia. It forms a large 
•part of the Lizard peninsula, a plateau partly cultivated, partly moorland, 
with precipitous sea-cliffs 100 to 200 feet in height. Professor Bonney has 
shown this mass of serpentine to be an altered igneous rock ; it is clearly in- 
trusive in the slates. There are several quarries, and the rock is easily turned 
in the lathe into small columns, vases, &c. ; it takes a high p<3lish. Small 
quantities are exported to Bristol for the manufacture of c{irl>onate of 
magnesia. 

Another igneous rock called Gahhro (diallage rock of De la Beche) is found 
at St. Keveme and Crousa Down; this is of later date than the serpentine, 
through which it has burst. 

Phonolite or Clinkstone has l)een named from its ringing sound under the 
hammer. Its only British locality is the Wolf Rock, a rugged isolated mass 
about nine miles south of the Land's End ; it is composed of nepheline, felspar, 
and hornblende. 

MuiERALS. — ^The disturbances to which hard and somewhat brittle rocks like 
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the slates have been subjecteil, by the upheaval through them of enormous 
masses of igneous rock, ami the general strains resulting from those slow move- 
ments of the earth s crust which have caused continents to become seas and seas 
to become continents, changes which have not taken place once only but many 
times in the long history of the past, could not but have the effect of shatter- 
ing and bre}\king the rocks to a considerable extent. The cracks or iissures 
so produced have since l)een filled with mineral substances bn>ught up from 
below dissolved in hot water or by super^heiiteil steam. These matters were 
gradually deposit e<l on the sides of the veins until ultimately they became 
filled up. In the vein-stuff quartz is, perhaps, the commonest ingredient, but 
altogether al>ont 150 distinct minerals tire known to txvur in the rocks of 
CWnwall, and most of these are found in the veins. When a vein contains 
metallic ores it is calletl a lode; the usual direction of the hxles is from a 
little north of east to a little south of west, and they dip at an average angle 
of 70 degrees; the richest locies seem to iKi»ur at or near the junction of the 
slate witn granite or elvan. All the mineral wealth of Cornwall is either con- 
tained in such lodes or has come from them, for the extensive surface deposits 
of stream-tin merely represent the wreck the wearing away —of formerly 
existing Uxles. 

The following figures, showing the amount of minerals raivsetl in the county, 
are taken from Mr. R. Hunt's invaluable "Mineral Statistics" for 1877: 

Tin Ore,- Corn wait and Detxm. 
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The ore is allied " black tin ;" it is the j>eroxide Sn O^. The greater part 
is obtaineil from KKies in the roi»ks, but a certain amount (alH)ut 750 tons of 
black tin) was got in 1877 from *' streams, rivers, and foreshort»s." 

The tin-ore is not equally distributetl throughout the vein or Uxle, but 
generally occurs in masses cailknl " bunches,** which are connected with one 
another by thin strings of ort\ Sometimes, however, we meet with the tin 
in a numWr of snmll veins which cn>ss and interlace with one another, form- 
ing what is called a " stock-work ; " the tin at the famous C^rclajEe mine, two 
miles north of St. Austell, occurs in this manner: this mine is now chiefly 
wrought for china-clay. The chief tin districts are (i) St. Austell, (2) St. 
Agnes, (3) St. Just and St. Ives. 

Co/)/>fr.— Sixty-eight mines, 39,225 tons of ort» (copper pyrites or yellow 

pper ores chiefly, a sulphide of cop|>er and imn, Cu.j S, be^ S^), \'alued 
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;f 169,553. ft"^^ yielding 2,937 ^^^"s of pure copper. 

The copper-bearing lodes ocinir (i) in the Gwennap, Rtnlruth, andCaml>om& 
district, and (2) round Breage, Maraxion, and (twinear. 

The working of eopjier is commratively of nvent date, not going l>ack to 
before the year 1700; it is calculate<l that copper ore to the xiilue of 13 
millions sterling has been raiseil during the present century, yielding a clear 
profit of 2) millions. 

Lead. — The lead ore (chiefly galena, the sulphide of leadPb S.), raised from 
eleven mines, amounted to 2,167 tons, yielding 1.674 tons of lead and also 
23,035 0Z8. of silver. Neither giilena nor any other lead ore iHX»urs in any 
quantity in or near the granite, but is confined to the slates. 
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Iron Pyrites (the bisulphide of iron FeSg). — Fourteen mines yielding 14,289 
tons, value £%,2<^^. 

Iron Ore (brown haematite). — Nine mines, 4,963 tons, value £2^^210. 

Bismuth. — Two mines ; 8 cwt., value £\<^. 

Wolfram (tungstate of iron and manganese). — One mine (East Pool), 15 
tons, value j^iSO. 

Uranium occurs as the oxide U3 Og, called piick-blende. Two mines, 
2 cwt., value ;£ ii 158. 3d. 

Ochre and Umber, 500 tons, value ;£250. 

Manganese, 2,496 tons, value ;£6,o84. 

Arsenic f 1,718 tons, value ;£6,i89. 

Porcelain Clay or Kaolin, 200,345 tons. This is obtained from highly 
decomposed granite, and consists of the disintegrated and metamorphosed 
felspar of that rock. It is sent to the Potteries in North Staffordshire, and 
is largely used in the manufacture of calico and paper. The price is now 
about 15s. per ton. Often on the outside of the granitic masses of Cornwall 
the rock is so decomposed by the percolation of rainwater holding carbonic 
acid in solution, that the granite may be dug with a spade to the depth of 
20 feet or more. Mr. Collins believes that the alteration of the felspar into 
kaolin is due to the action of water or steam containing hydrofluoric acid. 

China Stone, 39,500 tons. This is chiefly raised in the neighbourhood of 
St. Austell ; it also is derived from the decomposition of granitic rocks, but 
contains quartz as well as kaolin. It is suflHiciently compact to be used for 
building purposes, and the churches of St. Stephens and Probus are partly 
built of it. It is chiefly used in the manufacture of glaze for earthenware. 

Fire Clay, ^0$ tons. Candle Clay or Miner s Clay, ^00 tons. This is a tough 
clay obtained at St. Agnes and usea for the purpose of wrapping round and 
holding the candles used by miners in underground work. 

For the last six or seven years the mining industries of Cornwall have been 
in a state of great depression, and large numbers of miners have emigrated. 
Yet in the past great riches have been extracted from the rocks. The history 
of tin mining in Cornwall dates back at least to the time of the Phcenicians — 
several centuries before the Christian era, and the total value of the metals 
raised since then has been estimated at ;£6o,ooo,ooo. 

Of the most successful mines we may mention those of silver and lead in 
the Menhenniot district, Trelawney and Mary Ann; the copper mines of the 
Oaradon district, of the Fowey district, such as Fowey Great Consols and 
Crinnis, the united mines of St. Day, the Carn Brea series including Dolcoath, 
Cook's Kitchen, East Pool, and others, producing copper, tin, silver, wolfram, 
cobalt, arsenic, zinc, &c. ; then further to the south-west the Ilelston and St. 
Just districts producing copper and tin at Levant, Botallack, Wheal Vor, 
&c. The Botallack mine is famous from the fact that its workings extend 
under the sea for more than half a mile. 

Surface Deposits. — These would come under the Post-Tertiary or Pleistocene 
division of geologists. They include all the various beds of sand, gravel, and 
clay, with other deposits which occur irregularly and without any very 
definite order over the surface of the county. Flints are of not uncommon 
(XMJurrence in these surface deposits, and large unbroken flint nodules occur 
in the Scilly Isles ; these are probably derived from the chalk which once 
stretched far in this direction. 

Quartz Gravels. — The quartz gravels on Crousa Down in the Lizard District 
and at Crowan occur at heights of about 400 feet above sea-level ; these may 
be of Tertiary age, for they evidently belong to a system of drainage quite 
different from the river basins which now exist. 

The Sands and Clays of St. Agnes occur at about the same height and may 
l>e of the same age as the quartz gravels mentioned above. 

Of glacial deposits no clear evidence is to be obtained in Cornwall; there 
are extensive spreads of boulder gravels, which appear to have been formed by 
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torrential waters, resulting perhaps from the melting of great masses of snow, 
but no striated surfaces and no erratic blocks are known. 

The Ra'tMd Beaches, which are common on the coast, mark the period of extreme 
subsidence of the land in glacial times; in Cornwall this amounted to 15 feet 
onlj, while it was as much as 1.500 feet in Wales. Among many raised bejiches 
we may n:ime those at Pomanvon Cove, south of Cape Cornwall, at New Quay, 
Fistral Bay, St. Ives, Gerran's Bay, Falmouth Harbour, Covemck Cove, &c. 

The Head is a stony clay seen above the last-named deposits ; the Stream- 
tim Grav^* are assoMateti with it, anrl mark a period of great surface waste, 
the rainfall being greater than at present ; they occur in the valleys on the 
s«>uthem side of the Cornish watersheil ; later still an" the Submerged Forests 
containing stumps of the Oak, Alder, Hazel, &c.. and ooiMirring on the coast at 
or about low water mark at I-.ooe. Fowey. Falmouth ((ryllyngvaes). Mount's 
Bay, Piidstow. &c. 

St Jftchaefi* M*>HHt in Mount's Bay is an isolateil mass of granite 195 feet in 
height ; its distance from the nearest point of the mainland. Marazion Cliff, is 
1,680 feet. It is. as is well known, an island at high title but a peninsula at 
low water. The isthmus is compoe*ed of highly-inclinetl Devonian slates, into 
which the granite is seen to send veins ami dykes, proving its intrusive nature. 
The Mount owes its present singular position to a subsidence of t he coast-line, 
combined with denuilation : the softer slates having l«een worn away by the 
sea more rapidly th.m the granite mass. The subsitlence is prove*l by the 
submerged forest in Mount's Bay. Very little change has taken place, how- 
ever, during the Ust 1,900 years, for the Roman author Dititlorus Siculus, who 
wrote al)out 9 B.r., describes the Mount, under the name of let is. as a spot 
where tin was l>ought and soUl, and his language pnH.Msely applies to its 
present general c»>ntlition. 

Blown SaMd,"*^ forming hillocks or ilunes, are chiefly seen along the north- 
western coast, as along the eav'»t side »)f iit. Ives Bay. in Perran Bay, l>etween 
Fistral and New Quiiy Bay, Constant ine Riy. the eist side of Padstow 
Harbour, &c. ; along the t*oast much lan»i has l)een spoilt and many houses 
and even churches ilevastate«i l>y the encr«i«ichments of the sand. At Bude 
Haven the san<l has been compact eti into stone by the deposition of a cement- 
ing substance (carl>onate of lime) between its groins by lan«l-springs. 

The sea-beaches, river gravels, mmlileposits. and nuxlem peat growth 
bring the geological ret*ord down to the present ilay. 

Prehistoric Max. -Of the early or Paleolithic triWs no traces have yet 
l)een fouml in Cornwall ; the al)sen«*e of caverns ami the pn^liability that m«jst 
of the gravel l>eils of glacial or pre-glacial age have l»een swept out to sea, 
combine to account for this want of evidem^e. 

The Neolithir workers in flint ami stone are scantily representee! by the 
following " fimls : " —rough celts or axe-heads maile of greenstone were found 
in barrows (burial moumis) at St. Just, ami are now in the Truro Museum, 
which also contains a highly polishetl celt of jadeite fouml near Falmouth ; 
a liPge C'lt, II J inches long, by 4 wide ami l| in thickness?, "from Com- 
wall." is in the Antiquarian Museum of Edinburgh; another of serpentine, 
found near Trun). is in Canon Greenwell's collection. An axe-head, formed 
of greenstone and perforated for a handle, was fouml in the middle of a cairn 
at Pelynt ; a bronze dagger was found in a barrow in the same field. 

Stone querns for grinding com have also been fouml, with mortars (at 
Kerris Vaen) : ami at St. .\gnes, Truro, a flint arrow-head. Spindle-whorls of 
stone, which were used in spinning, are not uncommon : t hey are calleii by the 
n<itives ** Pixy's grimlstones ; " they are small rouml stones an inch or two in 
diameter with a hole in the centre. 

Besides these stone tools, some monuments of early n\ces of men exist in the 
cromlechs, monoliths, stone circles, avenues, hut dwellings, and rude stone camps 
c:klled cliff or hill castles which still stud the wilder iH>rtions of the count v. 
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Natural History akd Scientific Societies. 

Cumberland Association for the AdvaDcement of Literature and Science. 
Carlisle. Transactions. 
Keswick Literary Society. 

Museums. 
Keswick Museum. 

Publications of the Geological Su&vey. 

JWa/MC — 98 N.W. Wastwater; 99 X.E. Ravenglass; loi S.E. Keswick; 
102 S.W. (Survey not complete*!). 

Books. — Geology of the Northern Part of the English Lake District, by 
J. C. Ward, 9s. 

Important Works 02 Papers on Local Geology. 

1859. Binney, E. W. - Lias Deposits near Carlisle. Q. Joum. Geol. Soc., 

vol. XV. p. 549. 
1 861. Wallace, W. — Lead Ore of Alston Moor. Stanford. 

1863. Harkness, Prof. Skiddaw Slate Series. Q. Joum. GeoL Soc., vol. 

xix. p. 113. 

1864. Murchison and Harknei^o. — Permian Hocks of the North West of En^ 

land. Q. Journ. Geol. Soc., voL xx. p. 144. 

1865. Harkness, Prof. — Lower Silurian Bocks of the South East of Cumber- 

land. Q. Joum. Geol. Soc., vol. xxi. p. 235. 

1868. Nicholson, Prof. H. A. — Geology of Cumberland and Westmoreland. 

Hardwicke, 3s. 6d. 

1869. Bolton, Jno. — Greological Fragments. Atkinson, Ulverstone. 

1872. Aveline, W. T. —Continuity and Breaks of the Silurians of the Lake 

District. GeoL Magazine, voL ix. p. 441. 
1874. Nicholson, Prof. H. A. — Silurian Bocks of the English Lake District. 

Proc. GeoL Assoc., voL iii. p. 105. 

1874. Wurzbuiger, P. — Geology of the Cumberland Iron Ore District. Joum. 

Iron and Steel Institute, No. 2, p. 287. 

1875. Ward, J. C. — Granitic, Granitoid, and Metamorphic Bocks of the Lake 

District. Q. Joum. GeoL Soc., voL xxxi. p. 568 ; voL xxxii. p. i. 
1875. "Ward, J. C— Glaciation of Southem Part of the Lake District. Q. 
Joum. Geol. Soc., vol. xxxi. p. 152. 

1875. Kendall, J. D. — Hematite Deposits. Manch. Geo. Soc., voL xiii., p. 

1876. Bird, — . — The Bed Beds at the Base of the Carboniferous Limestone 

in the North West of England. Proc. GeoL Soc., W. Bidiiig 
Yorks, N.S., pt, ii. p. 57. 
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1876. Russell and Holmes. — lUised Beach between Whitehaven and Bowness. 

Kept. British Assoc, p. 95. 
1876. Green, Prof. A. H. - Basement or Old Red Conglomerates. Physical 

Geol. p. 398. 

1876. Kendall, J. D. - Hematite in the Silurians. Q. Journ Oeol. Soc, vol. 

xxxii. p. 180. 

1877. Ward, Rev. J. C Lavas of EycottHill. Microscopical Journ. vol. xvii. 

p. 239. 
1877. Martin, R. F. -On some Peculiarities of the West Cumberland Coal 

Field. Transac. Cumb. Assoc, Pt. ii. p. 63. 
1877. Topley, W. and Lebour, G. A.- Intrusive Character of the Whin Sill. 

Q. Journ. Geol. Soc, vol. xxxiii. p. 406. 

1877. Postlewaite, Jno. - Mines and Mining in the Lake District. Leeds. 

1878. Hodgson, Miss E. Visits to Trap Dykes. Trans. Barrow Field Club, 

vol. ii. p. 89. 

1879. Jenklnson and Ward, J. C. Geology of Cumberland. Kncyc. Bri- 

Uinnica, vol. vi. p. 697. 

1879. Ward, Rev. J. C. Physical History of the Lake District. Geoi. Mag., 
pp. 49, 1 10 

1879. Mackintosh, D. - Erratic blocks of Cumberland, &c Q Journ. Geol. 
Soc, vol. XXXV. p. 425 

1881. Holmes, T. V. Permian, Trias and Lias of Carlisle Basin. Q. Journ. 
Geol. Soc, vol. xxxvii. p. 286. 

1881. Kendall, J. D. I nterglacial Deposits of West Cumberland and N. Lanca- 
shire. Q,. Journ. Geol. Soc, vol. xxxvii. p. 29. 
Sec also General lAstn, p. xxv. 

The rocks of a county like Cumberland can scarcely fail to attract a full share 
of notice ; the beauty and variety of the surface, with the mineral treasures 
which lie beneath, lead direct to inquiries concerning the strata which form 
the one and contain the other. 

It is to Professor Sedgwick that we owe the first scientific investigation of 
the older rock beds of this district, aided by Mr. (now Professor) McCoy in 
the description of the fossils. Among other early writers we may name 
Messrs. J. Otley, D. Sharpe, William Hopkins, and Professor Phillips ; in 
later times Professors Harkness and Nicholson stand prominently forward. 
All amateur work, however, must give place to the minute accuracy which we 
expect from the officers of the Geological Survey ; only a small part of the 
results of their examination of the north of England have yet been published, 
but the map and memoir of the Lake District by the late Mr. J. Clifton 
Ward is an admirable piece of work, and Messrs. Aveline, Russell, Holmes, 
Goodchild, Dakyns, &c, may be trusted to complete the task in the same 
satisfactory manner. 

With reference to its rocky structure it seems best to divide Cumberland 
into two portions ; the first of these would include all the old rocks forming 
what we usually term the "Lake District"; the second would comprise all 
the newer rocks which surround this region on the east, north, and west, 
forming what Mr. Clifton Ward used to term the " framework," the setting 
or border, as it were, of the older central rocks ; it will be more natural to 
tAke the former division first. 

Lower Silurian Formation. — The rocks which in Cumberland can be seen 
to underlie all others, and which, therefore, must be the oldest or first- 
formed, have been named the Skiddaw Slates because they form that loftv 
mountain. They are black or dark grey rocks, sometimes soft and shaly, with 
interstratified sjindy or gritty beds, which yield good flagstones. These 
rocks occupy the surface of the central part of the county from Egromont, 
Jjamplough, Cockermouth, Ulldale, and Iiesket Newmarket on the north, to a 
line drawn from Dent Hill by Crummock Water, and south of Newlands and 
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Keswick on the south ; their total thickness is not less tlmn io,ocx> feet. In 
the extreme wjuth of the county the Skiddaw Slates apiin rise to the surface 
at Black Coml>e, west of the estuary of the Duddon. Fossils are few and far 
between, and the search for them is only likely to l>e successful where the 
cleavage is undeveloped, or where it coincides with the V>e<lding. The masseM 
of fallen stones or screes found on the mountain sides should l>e diligently ex- 
amined. 

Alxmt forty species of gmptolites have been found, with two brachiop<xlH, 
twelve trilobites, and several plant remains; worm-tracks and burrows are 
not very rare. Altogether these fossils would seem to indicate that the Skid- 
daw Slate is of about the same age as the Arenig Beds (I/ower Llandeilo^ of 
Wales; they must have originally been dep<)sited as In^ds of mud, sand, or 
grit, on the l>ottom of a rather siiallow nea. Their strike is from north-east 
to south-west, and their dip, though they undulate greatly, is very generally 
to the south-east. 

In the neighbourhood of the ii»neous rocks the Skid<law Slates have l>een 
metamorphosed, being converted into chiastolite slate or mica-schist ; at some 
points, as in Skiddaw Forest, where the beds are much altered, although no 
igneous rocks are seen near on the surface, yet doubt less granitic masses exist 
beneath at no great depth. 

The following sulxlivisions iuive l>een indicated by Mr. Wanl : 

6. Passage beds to volftinic series. 

5. Black slates of Skiddaw. 

4. Gritty beds of Gatesgarth (Buttermere), Lutterl>arrow, Tongue Bock 
(Skiddaw), Watch Hill, and (rreat C'<>ckup. 

3. Dark slates. 

2. Sandstone series of Grasmoor and Whiteside. 

I. Dark slates of Kirk Stile, between Jvoweswater ami Crummock. 

A bed of grit in No. 4 Mr. WaM considers like one which occurs at the 
base of the Arenig Slates of Wales ; if this be so then the lower strata may 
l>e of Cambrian age, Nos. l and 2 representing the Lin^ula flfigs, and No. 3 the 
Tremadoc Slates ; the finding of more fossils in these lower beds is necessary 
to decide this question. 

Some l)eds of the Skiddaw Slates have been worke<l for slate pencils at Kes- 
wick, but the chief economic value of the rocks lies in the numerous mineral 
veins by which they are traversed, and which are generally also lines of fault, 
where fracture of the rocks has taken place, the fissures produced having been 
filled by minerals deposited by water. 

In 1877 of zinc ore 75 tons, value ;^225, were obtaine<l near Keswick ; from 
the Force Crag mine, in Coledale, 622 tons of Iwirytes were raised, value 
;Cl.033. 

Iron ore (a red hematite) has been worked in the hills between Butter- 
mere and Ennerdale Ijake, and in Kskdale. In former times <!opper was 
lai^ely worked at Newlands, west of Derwent water. 

As a general rule the Copper Lodes run east and west, and the Lead and 
Iron Lodes north and south ; the former appear to be the older, being fre- 
quently displaced or shifted by the laiter. 

The mountains formed of Skiddaw Slates have soft outlines and smooth 
grassy slopes, except where intrusive igneous masses occur ; thus the doleritic 
lx)8S of Castle Head stands out as a bold crag above the surrounding and 
softer slates, and the igneous dyke forming Friar's Crag serves as a strong 
lake wall protecting the softer roi'k behind it. 

Volcanic Series op Borrowdale (Green Slates and Porphyries of Sedgwick). 
- -All along their southern boundary the Skiddaw Slates pass under a great 
series of beds of volcanic ash and breccia, alternating with sheets of lava, and 
the whole traversed by dykes and masses of igneous rock. It is most re- 
markable that along all this line of junction there runs a zigaig fault or 
dislocation, so that the passage from the one formation to the other is 



GEOLOGY OF ENGLAND AND WALES. 



iKnrhere distinctly Bt 



IS 



KlsBwhere, hoireTep, at Black Combe, and on Eycott 
Hill, beds of Hlate and volcanic fuh are se«n Co 
flltenukte nt the Junction, and there is no doubt, 
but that the higher aericN rest conformablj on 
the lower one. The Borrowdale beds are finely 
Keen in the valley from which they are named ; 
they occupy all (he south and nouth-eaat of Cum- 
berland, extending over (be Imrder into West- 
moreland; their principal heights are:— Hnrter 
Fell, 2,141 feet ; ScnwFelt Pikex, 3,229 feet ; Great 
Gable. 1,949 feet ; Hijfh Hlilp, 2,6^3 feet; Causey 
Pike. 2,oS2 feet ; Olaramara. 3,56a feet; Ullscarf, 
2,370 feet ; Great Dodd, 2,807 '^B"^- 

The total thiokneits of the Volcanic Series is 
from 11,000 to 15.000 feet; foimerly it extended 
right over the surface area now occupied by the 
Skiddaw Slates, for we «n<t it resting on the 
latter, not only on the south as already described, 
but also on ibe DoMb at CHld1>eck Fells, Ky cot t 
Hill. UII<Ule,and Hunderland. 

It is plain that towards the end of the Skiddaw 
SUteperiiil submarine volmnoes I mrst into action, 
and for a lime lieds of lava and nsh were de- 
posited on the soa-lmttom alternately with layers 
of mud and sand ; but elevation of the sea floor' 
taking place the whole area liecnme land, and all 
the su[H>rincuml>ent beds consist of similar volcanic 
mailer which fell upon and sround the volcanic 
cones. One of the main centres of eruption is. 
pr<)l)ably rcpresenteil by (ho rouml Iiobb of i 



iisrock (dole rite), which forms Castle 

«^ Head, near Keswick, and from which probably 

ft i flowed the lavas of Wallow ('rag. All trace of 

Sj the actual mnes or craters is of course gone long 

5: e since ; they have all lieen deliudeil, swept away by 

2" the sen, )>y rain, and rivers. &c.; wlut wo now 

-^ J see for instance al <'«slle Head is the stump or 

i El Iiluft of (he volcano, nwk mailer which solidified, 

I |S perlmps. (housamlsof fec( l-elow its actual summit. 

^ u% ^ strong proof of (be suliaeriHl origin of the 

^'l'^ Borrowdale Heri PS is the entire iibsence of fossils ; 

lE'f J such a thickness of sirata conld scarcely accumu- 

H E^ late in Ihe hbi without enclosing some evidences 

eis of the life of ihe period. 

'^ t^ A fine section of these beds is exposeil on the 

E|l sides of Falnin Crag. Briiwn Knolls, and Bleabcrry 

^^Z Fells, two miles soiilh of Keswick. The siHke is 

S -a the same as that of Ihe underlying 8kiddaw;Slates, 

.u^'ia, viz., fromDotth-eastto south-vt'Sl. 

i -r-*! The following tabic by Mr. J. C. Wanl shows 

^ S±? ''>^ succession of the l;eils, the eldest being at 

,i3j| the base ; — 

^"Z 9. Bedded, mosllv fint flmly ash, of Great 

1i% Krai, Ksk Tike, and Allen Cn 



8. linlsslded, coarse ash and brecti 
I 3 Cmg and fxing Pike. 
^•I 7. Bedded, and rough 
)f S, GUramara, and Ullscarf. 



of ycflfcll Pikes, 
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6. Partially 1>edde<l, fine flinty aftli of Base Brown and KostliMaite Fell. 

5. WelMxiddcd afch of •Seathwaite. 

4 ContemporaneouH trapH (or lava l»e<lK) of Watendlath Fell, High Seat, 
<«:i Bleaberry Fell. 

3. Breccia ami WMwl awh, of Brand Fell, and Watendlath. 

2. ContemporaneouH trapH (lavan) of Honinter, Dale Head, (iate Crag, and 
Falcon Crag. 

I. Purpje breccia, axli, and wjme <*f>nteni)K>raneou8 trap. 
Transition series to Skiddaw Slates. 

Comparing these nx-ks with those of Wales, they apj»ear to represent lioth 
tiie Llandeilo Flags and the I»wer Bala Bwls : the chief difTerence Wingthat 
the volcanic masses of CumlM<rland. unlike the lavas and ashes of North 
Wales, were accumulat<'d on the land and not in the sea. 

Southwards in Westmorland the Volcanic Series is seen to l>c overlaid hy 
the Coniston (=Bala) Limestone, and that again \>y a great thickness of beds 
of Upper Silurian age. These l>e<ls just enter CumlK-rland in its sout'j-wesr 
comer, on the west si<le of the Duddon estuarv. 

It may seem strange at first tliat su<'h c<miftfi<'t well-lKKldcil ns'ks n« many 
of the slates in the I^>rrow<Lilc Scries can he comjsised of volcanic* ashes 
which have fallen on lan<l surrounding vol cjinic vents, hut exaniinationof exist- 
ing craters, as in the neighlsiuHussl of Vesuvius, shows j«recisely similar 
phenomena. 

Most of the ns'ks of this series, whether ash or Imp. yiehl innA material 
for wall-making <»r n»a<l-nien<ling; the slates have Is-en \vorke<l -'it several 
priints. Many rare minerals «x*cur. especially in the ns'ks (»f ('arr<H'k and 
C-aldl>eok Fells, as Wulfenite. S<*heelite, BnH'hanlite, Aimtite. Wolfram, 
Oiledonite, Malachite, &<♦. There are also many metallic* hxles. though these 
h'»ve not Ifcen much worked of late years : of lead ore the ("aldheek mines in 
1877 yielde<l 96 tons, containing 72 tons of lea<l and 720 oz>. of silver, t<ital 
value ;Cl.I97 ; also 5^ tons of copper ore. value £2,0. 

The famous plumlMigo or Mack-iea<l mine of liorrowdale is well known it 
iitfcurs in pipes, strings, or detache<l masses in and close to a dyke of igneous 
reck (iliorite and <lialjase). which comes up through highly-{ihere<l ashy IkhIs 
lielonging to the voh-anic series. This liorrowdjile (Jraphite (^wrontrly cjtlled 
hUu'k-lead) is nearly pure carlnm (it always contains a little iron;; it is ex- 
tremely well fitted for the manufacture of the l^'st lead ]»en<'ils : its present 
value is als>ut 40s. j»er }K>und. Kjirly in the present century an irnnien«*e mass 
of plumliago. weighing aliout 70,000 Ihs.. Mas <lis<*overe<l at the Ji<»rroMdale 
Mine. l»ut for the last thirty years it has l»een hut little w<irke<l. 

The hanl. massive, and well-jointed rts-ks of the ]i<»rro\vdale Series form 
mountains with rough and humm^s'ky rmtlinen aisl steep and craggy si(hs. in 
st rong c<mt rast to the flowing outlines of the Skid^biw. Slate hills. Some- 
times the hill sides show horizontal lines or stej»s, due to the alternations of 
IhkIs of ash an<l lava <if varying hanlness. as on the ca-^t side of Oerwent- 
water. and in St. John's and Shonllhwaite Vales. When dykes of igneous 
rcM'ks cross the iK^ils. if lumler they form craggy and conspicuous line« across 
the ccmntrj', but if softer or more jointed than the surrounding rocks they 
give rise to wliat are called ** d^sirs." i.f., s4|Uiirish openings in mountain 
ritlges. ail Mickle I)<H)r. between Scafell Pikes and S<-!ifelI. Comb I)<s>r, A:(*, 

A!« I.KTEKKF/J-XUM. At the close of the Silurian Ptrifsl there is a great 
break in the history of the stratifi<*<l r<K*k>» <»f CumberlamI : no de|Kisits of 
the age of the old Rwi Sjindstone (nrur. What ha]ipened during this inter- 
val ? It must l»e rememlH*re<l that at this time the Skiddaw Slates were 
buried l*emfath 26.000 feet, and the volcanic series beh»w 14.000 feet of higher 
Silurian l>e<ls. At this depth they wouhl be umler great pressure, and sul>- 
jected to inten.*ie heat. Then a lateral pressure Mas brought to hear <in the 
beds f njm the north-west and fmm the south-east, gradually elevating them 
into an anticlinal curve or fold, whose axis ran from north-east to south-Mest 



5o GEOLOGY OF ENGLAND AND WALES. 

of rouTBtf nt right anglen to the iiplieHTing force. As the top of thia curve 
rose abore tlie tiuii-lvvtil it would suffer exi rente deoudition front the netiunuf 
the WHVes; nil tlie tup of tiie curve whs worn hwaj', so th;it lower And lower 
\Kda were eipoaeil to view, until even the Skidddw KlnrsB were uncovered, the 
26.000 feet of rocks above them having been in this neigh bourliooi! entirely 
removed. 

The following illuHtmtion fram h paper by Mr. Ward maj- help to make 
this clear: — " If we pile up black clolh in layers to a thickness of k> inchea, 
red cluth upon this U> a tliicknuss of 12 inches, and blue cloth upon the red 14 
inches thick, then by bringing some powerful force Ui bear upon the two ends 
of the pile, the whole may be thrown into curves and contorliona by the 
lateral preet<are, and the centre portions conuequently raised above the level 
of the ends. Imugine, then, n lai^ pair of shears brought forward which 
shall cut off or pare down ftll the upraised central portion ; in this wHy the 
uppermost blue cloth may be removed altogether from the centre of the low 
arch, H less amount of the red cloth layers would be removefl, while perhaps 
only the few topmost inches of black cloth would be touched ; but the conse- 
quence would \ie that, at the centre of the cloth dome, an arch of black cloth 
would appear, on either side of this would lie inclined layers of red cloth, 
to be flanked in their turn by similarly inclined layers of blue cloth." 
Now these three layers of cloth represent tli« three p-eat divisions of the 
Silurian stnila. of the north-west of Englaod, and the cutting of the shears 
represents the planing action of the sea. 

Intrusive Igneouk itorxs. — It was at the commencement of the epoch of 
distDrbence and denudation just referred to, when the Sklddaw Slates lay most 
deeply Imried lieneath the surface, that the efFecis of the internal heat of 
the earth came most strikingly into action. Lar)re masses of melted rock 
forced lit rather ate their way upward, metamorphosing the neighbouring 
rocks, and sending dykes and quartz veins amongst those still higher, as all 
were contorted and cleaved by the intense lateral pressure cjilled into play 
during the slow upheaval of the district. Of these masses of igneous rock the 
gmnite of Esk<lale is by far the largest, forming the rugged hills on both 
Bides of the Esk and Mite, for a distance of about fourteen miles from north 
to south. It is a roildish rock, and sends off dykes of qviartz-felsite (corre- 
sponding to the Cornish elvans) into the surrounding beds of Green States and 
Porphyries. 




The "SkiddawForest Granite" is eiposed at Iwoor three points in the liottom 
ol the Cahier Valley ; lastly a small area of granite occurs in connection with 
the SkidiUw Slates of BUck Comb, and 1ms lieen worked at Holcbeck. 
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The Syenite (or syenitic granite) of Ennerdale and Buttermere differs from 
a true granite in containing hornblende instead of mica. It forms a wide- 
spread mass, ranging north and south for nine miles, and adjoining the Esk- 
dale Granite at the foot of Wast water. Through a large part of its course it 
forms the boimdary between the Volcanic Series and the Skiddaw Slates, but 
in the south occurs wholly among the former ; both these divisions of bedded 
rocks are much altered in its neighbourhood, the alteration sometimes ex- 
tending to a distance of more than a mile from the mass. 

The Quartz Felsite of St. John's Vale may be considered as a compact 
granite ; it gives off a dyke of a beautiful porphyritic character, which can be 
traced for many miles towards Armboth and Helvellyn. Many sheets or 
dykes of other igneous rocks occur ; we can only mention the minettes or 
mica-traps of Sale Fell and Dodd, the diorites of Seathwaite How, Little 
Knott, Hindscarth, and Burtness Comb ; and the dolerites of Wythop Fells, 
Castle Head, Keswick, and Longstrath in Borrowdale. 

Carboniferous Formation. - - The Imsement beds of the Carboniferous 
Formation are thick irregular deposits of reddish conglomerates and coarse 
sandstones, which were formerly assigned to the Old Ked Sandstone, but 
which further research has shown to belong to a later age ; thoy rest quite 
unconformably on the Silurian rocks, and are not continuous, appearing only in 
detached masses or patches, which thin out with great rapidity. For these 
reasons it has been suggested that they accumulated in valleys, or at all eventR. 
along the coast lines of the Carboniferous sea. Professor Ramsay thinks that 
glacial action had much to do with their origin, and certainly many of the 
stones are smoothed and striated ; the included pebbles are of all sizes up to- 
two or three feet in diameter, and are chiefly grits or sandstones from the 
Upper Silurian rocks of Westmorland. 

These red conglomerates form the mass of Mell Fell (1,760 feet high), and 
are well exposed along Dacre Beck ; they also crop out at one or two other 
points from beneath the Mountain Limestone 

The Carboniferous (or Moimtain) Limestone. — East of Mell Fell and extend- 
ieg to Penrith, we And thick beds of grey limestone, alternating with thin 
layers of shale and sandstone ; this is the Mountain Limestone. We trace it 
northwards to Hesket Newmarket and High Hesket, the river Petterill mark- 
ing its eastern boundary ; all along this line it dips eastwards, passing under 
the Permians of the Vale of Eden. There is a fault, however, running north 
and south along the line of junction. 

On the east side of the Vale the Mountain limestone is brought up abruptly 
by the Great Pennine Fault, a mighty dislocation of the strata, which com- 
mences in Dumfriesshire and runs southwards to Brough; the rocks on the 
east side of this fault have been heaved up from 3,000 to 6,000 feet above 
their proper position. 

Here the Carboniferous Limestone forms a grand escarpment at Crossfell, 
and thence northwards by Alston Moor and Brampton to Bewcastle, Hay- 
thwaite, and Shield. 

From the west flank of Crossfell to east of Brampton the aqueous rocks are 
traversed by a great intrusive sheet of igneous rock (basalt) called the Great 
Whin Sill. 

Under Alston Moor we And twenty different beds of limestone, altogether 
470 feet thick, between which are sandstones and shales 1,686 feet thick. 

Returning to the west side of the Eden, the Carboniferous Limestone extends 
westwards from Hesket to Bolton and Ireby, and then southwards by Pardshaw 
and Lamplugh to near Egremont. Here it is covered over by newer rocks, 
but again crops out further south at Millom. 

The Mountain Limestone is very rich in fossils ; it contains immense num- 
bers of marine shells, and is sometimes almost made up of the joints of 
encrinites, or "sea lilies," marine animals which lived attached to the ocean 
floor. 

Q 
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Of late years immense quantities of iron ore (red hsematite) have been ob- 
tained from this rock ; in 1877 there were raised 1,351,441 tons, valued at 
jf 965,302. The ore lies in pockets, or fills cavities in the limestone ; there 
can be no doubt but that it has been deposited in these places from water as 
it trickled through the beds of the limestone, probably during the Permian 
period. The chief mines lie about six miles east of Whitehaven, but the 
Millom area is also very productive. 

In the district of Alston Moor veins of lead ore (galena) and zinc ore are 
largely worked ; 3,000 tons of lead ore were got in 1877, containing 14,091 
ozs. of silver, the total value being ;£37,ooo; of zinc ore 1,700 tons were ob- 
tained, value ;f5,400; of barytes 25 tons, value j^3i. 

In the Pennine Chain (at Alston Moor, &c.) the name Yoredale Series is 
applied to limestones, sandstones, and shales about 600 feet thick, which rest 
upon the Mountain Limestone, and still higher beds of sandstone are called the 
Millstone Grit, but these divisions have not been recognised west of the Eden 
Valley. 

CoaZ-measures. — These consist of shales, grits, and sandstones, containing 
.•seven or eight workable seams of coal. The coal-field extends along the 
•coast from Whitehaven by Workington to Maryport, and reaches for about 
five miles inland ; a long strip of Lower Coal-measures runs from Maryport 
to Welton. The dip of the beds is on the whole to the west and north ; in 
the first direction they pass under the sea and have been followed at White- 
haven for 3,200 yards beneath the water ; northwards they dip under Carlisle 
;and Silloth, but must lie here at a very great depth, probably above 3,000 
feet. At Whitehaven massive red sandstones 150 feet thick form the top 
•division of the coal-measures. 

In 1877 the coal raised at thirty-five collieries was 1,515,783 tons ; at this 
rate of consumption the present district will be exhausted in alx)ut three cen- 
turies. Of fire clay 30,762 tons were obtained, and 9,471 tons of oil shales. 

Permian Formation. — In Cumberland red sandstones of great thickness rest 
unconformably on the Carboniferous strata, and form the Plain of Cumber- 
land, extending all along the Eden from Penrith to Hayton and Longtown, 
and westwards to the sea at Bowness, Silloth, and Allonby. 

At Penrith the Lower Permians are thick-bedded bright red sandstones, 
5,000 feet thick, in which fossil footprints have been found. The Middle Per- 
mians near Longwathby, consist of red clays, containing gypsum, and these 
. lire overlaid eastwards by dark red fine-grained sandstones — the Up2>er Per- 
mians ; the two last divisions may be 3,000 feet in thickness. 

East of Kirkoswald and Carlisle, and again between Aspatria and Wigton, 
beds of magnesian breccia occur in the Lower Permians, which are locally 
. called " brockram ;" these have much the appearance of an old glacial de- 
posit. 

Another area of Permian beds forms a narrow strip along the coast from 
:St. Bee's Head, past Kavenglass to the Duddon estuary. In the fine section 
;jit St. Bee's Head we see at the base three feet of breccia (resting on coal- 
measure sandstone), then 11 feet of magnesian limestone (containing the shells 
Gervillia and Sckizodus), 30 feet of red and green marls with gypsum, and on 
top 50 feet or more of red sandstones. 

Tub Trias. — On the north-east of Carlisle red marls and sandstones of 
Keuper age can be traced round Scaleby and Brunstock. 

To the south-west of Carlisle the Triassic beds above noted are overlaid 
first by representatives of the Rhaetic Beds (black shales), and then by blue 
shales and then limestones belonging to the Lower Lias ; the latter occur at 
Aikton, Orton, Oughterby, &c., but the country is so overlaid by drift that 
there are no good sections. 

Of later stratified rocks such as elsewhere form the Oolitic, Cretaceous, or 
Tertiary Formations we find no trace in this county ; probably during all these 
later geological epochs the Cumbrian area was above the sea level, and was 
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undergoing the wear and tear of atmospheric denudations, its mountains being 
slowly carved out, and its present surface configuration gradually brought into 
shape. 

Surface Deposits. — Over a great part of the surface of Cumberland it is 
easy to trace the work of ice during the last Glacial Period. The mountains 
of the Lake District were then buried deeply under ice, which passed out- 
wards in all directions,, smoothing and grooving the rocks over which it 
flowed, and carrying stones of all sizes from the high to the low grounds, 
where they now form the deposit called Till, or boulder clay. The softer 




Fig. 20.— Perched blocks at a height of 2,000 feet on Olaramara. between Longstratb and 
Beathwaite Yale, Borrowdale. 

rocks, especially along lines of fault, were hollowed out, and form the present 
lake-basins. 

Then depression of the land took place, and the whole slowly sank 2,cx»feet 
below its present level ; to this period belong the siinds and gravels which lie 
above the Till. Finally, elevation succeeding, glaciers again occupied the 
mountain ranges, but they were of diminished size, and the climate continuing 
to ameliorate, the ice soon disappeared altogether. 

The raised beach, 25 feet above the present sea-level, which can be traced 
from Workington to Bowness, marks an elevation of the land in post-glacial 




Pig. 21.— Moraine mounds in the npper part of the Wyth Bum Valley, west of Thirlmere. 

times ; many of the smaller lake-basins too have since been filled up by matter 
transported from the higher lands, and now form stretches of rich alluvial 
land in the valleys or peat mosses on the fells. 

Prb-hi8T0RIC Man. — Many specimens of the polished stone tools used by the 
Neolithic tribes have l)een foimd on or near the surface. Large celts or axe 
heads made of the highly altered felstone-like or flinty ashes of the Borrow- 
dale Series are indeed known to be characteristic of this district; they have 
been found at the Druid's Circle Keswick, Loughrigg Tarn, Penrith Beacon, 
and Great Salkeld ; only three instances are known in England where the 
wooden handles of these celts have been found still attached to them, and two 

02 
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1 88 1. Woodward, C. J. — Minerals of the Midlands. Midland Naturalist, 
vol. iv. pp. 87, &c. 

See also General Lists, p. xxr. 

Physical Features. — In examining the geological structure of any district, 
it is well to first view it as a whole, noting its hills, valleys, and plains, the 
direction of its rivers and brooks, its occupations and industries, for these 
will all be mainly attributable to the rocks which compose it. 

Considered in this way, Derbyshire falls into three natural divisions. 

The first of these is situated in the north and west, extending a little oast 
of the river Derwent, and westwards across the Dove into Cheshire and 
Staffordshire. Its hills of deeply-fissured limestone and the deep longitudinal 
valleys, whose eastern sides rise in bold al^rupt "scarps," forming the water- 
shed of central England, give a wild beauty and picturesqueness to this region 
of old rocks which render it the delight of tourists and travellers. 

The Derbyshire coal-field occupies the east and north-east of the county, 
and forms another well-marked division : its streams flow north-east into the 
Idle or Don, and so ultimately into the Trent. Lastly, we have the country 
round the Trent, in the south, marked by a rich red soil and ranges of low 
sandstone hills. " Drift" clays and gravels, river dex)osits, &c., lie indiscrim- 
inately upon the older rocks, and will be considered separately. 

Taking the most ancient rock first, we will examine more minutely the Car- 
boniferous or Mountain Limestone, which underlies all others in Derbyshire, 
and must, consequently, have been formed before them. 

This bed occupies the surface from Matlock and Porwich, by Winster, Elton, 
Hartington, Bakewell and Eyam, to Castleton and Buxton : its thickness is 
estimated at from 4,000 to 5,000 feet : it is a pale grey, pure limestone, con- 
taining a few thin partings of shale and clay, and also two or three beds of 
what is locally called "toad-stone," which is a true volcanic rock. The 
remains of shells, corals, &c., prove, without doubt, that this limestone wa& 
f(»ined at the bottom of a deep and clear sea. The well-known black marble 
ofi' Ashford belongs to the upper beds of this formation; other lighter- 
coloured marbles which occur show, when polished for mantel-pieces, very 
beautiful sections of such fossils as encrinites, orthocems, &c. The beds of toad- 
stone mark great submarine eruptions, when masses of molten rock and ashes 
were spread over the sea-bottom. There is a very interesting section at 
Tideswell Dale, and in several of the lead-mines two, if not three, separate 
l)eds of this igneous rock liave been cut through. In many places water, 
aided by the carbonic acid dissolved in it, has cut deep fissures through the 
massive limestones. Near Matlock, and in Dove Dale, Miller's Dale, >fonsall 
Dale, at Cromford, and in numerous other spots, these lovely ravines, with 
steep, almost precipitous sides, and a rapid trout stream dashing along the 
bottom, delight the eye, which has become wearied with the monotony of the 
moors above. In several places remarkable caverns have been hollowed out by 
water in the rocks, especially near Matlock and Castleton. A good example 
is the Blue John Mine near the latter town; "Blue John" is a variety of 
fluor spar : the mine produces some twelve or thirteen tons per annum, valued 
at £40 per ton ; the spar is turned into vases, &c. — a purpose for which it is 
said to nave been held in esteem as far back as the occupation of this country 
by the Bomans. Veins of galena (sulphide of lead) are frequent. In 1874 
there were 118 lead mines in Derbyshire, but 35 of these raised less than one 
ton of ore. The total quantity of ore raised was 4,301 tons, which yielded 
3,572 tons of lead, and from wnich 800 ounces of silver were also extracted. 
Oj zinc ores 120 tons were raised, value ;f250. That rare mineral elaterite 
(elastic bitumen) occurs at Windy Knoll, near Castleton. The mountain lime- 
stone again crops out about Crich, where it is very rich in minerals. 

In 1879 there were 105 mines at work, producing 5,439 tons of lead ore, 
value ;f 42,01 8 ; 79 tons of zinc ore, value ;£276, were also obtained. 
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break the order) we mn trace the 
MonatatD Limestone paHfling under cei^ 
Iain thick beds of sandstone and lihale ; 
these in turn are overlaid bj the Coal- 
measureg, and these again by the red 
nmrl of the pUins. 



)5e-Ghit.— On all sides (except where faults 
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right over and a!io\ 
iJeep-sealed forces, which 
we usually describe aa volcanic, up- 
heaved these beds from lielotc, forming 
■ he ridgecalled the Pennine Chain. The 
highest central portion Tould be the 
part most fissured and shattered in this 
proceas, and would subsequently lie 
most exposed lo the denuding influeocea 
of the weather. From that [lart all the 
upper beds have been, as it were, planed 
off, by ice and frost, and running water, 
so that the large dome-shaped mass of 
Mountain Limestone now constitutes 
there the surface rock. 

Surrounding it on all sides come the 
Yortdalf Bockt, an alternation of shales 
and sandstones about 500 feet in thick- 
ness. Owing to the unequal hardness 
ot the beds, landslips trequenlly occur, 
as at Alport Tower, and on the flanks 
ot Mam Tor, the " Shivering MounlHin." 

The MUletone-Grit is the name applied 

Neparated by very thick beds of shale, 
which rest upon the Yoredale Bocks, 
and are in tarn surmounted hy the lower 
Coal-measures. Their line of outcrop 
runs, on the whole, from north to south. 
There are four or five beds of hard 
KBodstone, each from go to 150 feet 
thick, whilst the shales that intervene 
I about equally thick. 



have 



uch fas 



Ihan the sandstones, and we consequently 
find deep valle3rs running from north to 
south, whose bottoms and sides are in 
llie shales, whilst continuous and lofty 
escarpments formed bj the "grits" 
stretch parallel to ihem in the same 

The fourth, or lowest l>edof gritstone 
is called the Kinderscout Grit : it forms 
a range of moorlands stretching from 
(jlossop and Haylield eastwards across 
' ' In thecentre, separaled 



from the n 



I outliei 



constitutes the high tableland of tl 
Peak. This high flat patch is alfout 2,0c 
feet above the sea, and is trianguU 
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in shape, the vertex pointing eastwards. Much of its surface is covered 
by peat-mosses, but every here and there bosses of the Millstone-Grit are 
seen of the most curious and fantastic shapes, like the cavemed and hollowed 
rocks on a wild sea-coast. The sides of the Peak are scored by ravines or 
doughs, as they are called, worn out by streams that course down the hill-side 
to join the little rivers Ashop and Noe. 

Walking eastwards from the Peak we cross the various escarpments formed 
by the sandstones, until we reach the "Rough Rock," the highest member of 
the Millstone-Grit series. Turning northwards or southwards we can trace 
each escarpment running in an almost unbroken line into the far distance. If, 
however, we attempt to follow any single bed, we shall find it alter rapidly, 
thinning out or thickening as the case may be. Southwards the beds dimin- 
ish rapidly in thickness, until near Duffield they disappear under newer rocks. 
South of the Trent a patch occurs near Stanton and Melbourne. It is here 
only some 200 feet thick. Besides the millstones, from which it obtained its 
name, this formation yields valuable building stones. On top of each of the 
great sandstone beds there occur thin beds of coal, and the whole points to a 
shallowing of the Carboniferous Limestone sea, with sometimes even the 
formation of land surfaces on which plants grew. 

The Coal-measures. — During the formation of the Mountain Limestone, 
deep-sea conditions prevailed in Derbyshire. In the Yoredale Rocks and 
Millstone-Grit, we have evidences of frequent upheavals and depressions of a 
shallow sea-bed. But the Coal-measures present us with the clearest evidence 
of ancient land surfaces, on which vegetation flourished with the rankest luxuri- 
ance. The transition, however, is not a sudden one. 

The Lower Coal-measures or Ganister Beds consist of " thick sandstones, 
with intervening shales, a few thin coals, and beds of fire-clay of great eco- 
nomical value, largely worked to supply the Sheffield steel works with crucibles 
and fire-bricks." In 1874 no less than 23,164 tons of fire-clay were raised. 
The coals are poor and thin ; but each bed usually rests on a layer of ganister, 
or fine hard-grained grit of excellent quality. Formerly used for road mend- 
ing, " it was found that the scrapings of roads mended with it served admir- 
ably to puddle up any cracks in the Sheffield furnaces ; and the rock itself is 
now largely ground down for the same purpose, and for coating the inside 
of the furnaces ; it is laid on in a soft state, and baked by the heat into a 
good fire-resisting lining : it is also used, mixed with pounded fire-bricks, in the 
Bessemer process of steel-making, for lining the inside of the * converters.' " 
These lower Coal-measures run northwards from Morley and Stanley, by Bel- 
per, Heag, Trinity Chapel, and Brampton, and again rise to the surface east 
of Chesterfield. They dip steadily eastwards, passing under the true Coal- 
measures. They are about 1,000 feet thick; and in the north of the county 
form much hilly moorland. 

The Middle afid Upper Coal-measures constitute the most valuable part to 
man of the whole Carboniferous series. The Derbyshire Coal-field is only 
the southern continuation of that of Yorkshire ; extending also into Notts, it 
comprises an area of above 700 square miles, of which about 230 square miles 
are in Derbyshire. On the east it is bounded by an escarpment of Magnesian 
Limestone, extending from the north by Bolsover, to Kirkby-in-Ashfield : the 
thickness of the Middle Coal-measures is here 2,500 feet. The principal 
coals worked are the Top Hard (5 to 8 feet) ; the Soft Coal (4 feet) ; the 
Clod or Black Shale (5 to 7 feet) ; and the Kilbum Coal (3 to 5 feet 
thick). 

In 1874 there were 243 collieries at work in Derbyshire ; and during the 
year 7,150,570 tons of coal were raised. The beds of iron ore (argillaceous 
carbonate) associated with the coal-seams are also of great value. Of this 
there were raised in the same year 239,292 tons, valued at ;f 128,172 4s. od. 

In 1879 the coal got amounted to 7,450,370 tons from 234 collieries; the 
iron ore had decreased to 146,341 tons, valued at ;£73,i70. 
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As elsewhere in this Carboniferous formation, wh 
great volcanic actirity, Dumeroiui /atUlt or breaks i 
hnce generallyu north-weBt niid soOth-east direction. 
The vegetable remains, which constitute the coal 
seams, have been so compreseed into one mass hs to 
hsTe conunonlf lust all trace of their origin; but 
ID the intervening shales and sandstones impressions 
of ferns, of long slender reeds or axlamitet, and of 
tmnks of Btruoge trees, are ofteo met with id pro- 
fusion. If a very Ihio section of coal itself be 
examined uiMfer the microscope, traces of vegetable 
tlssnes, or of the spores anil spc 
almost sure to reveal Ihemseli 
SigilUtTia is verv cuinroun : it a 
fliona, for an indtvidual 7? feet 
at Newcastle : it may be recognised by its longi- 
tudinal flutiogs. and the vertical arrangement of 
the marlingB, or leaf-satrs, on its trunk : its roots 
are called Stigmaria. Lepidodmdtvn was an allied 
species, but may readily lie distinguished by the 
spiral arrangement of its nmrkitigs. The plants 
that now form coal probably (frew in low flat mHrehee 
near the mouths of mighty rivers, in a cool, equable, 
and moist climate. The growth and decay of vege- 
tation in such a place for a thousand years would 
yield, perhaps, suilicient coal to form a seam a foot 
thick when the land there had annk. and thick 
deposits of sand, mud. &c.. had been laid upon the 
vegetable matter. Altogether, the British Carboni- 
ferous Rocks have yielded 2.409 species of fossils, 
of which 339 are plants. 

A small portion of the Leicestershire CoaUiield 
eitends into the south-east of Derbyshire, but it 
belongs, geolt^ieally, to the former county. 

THBPESiriiN FoRHATiON IS principally represented 
by the Sfagneaian JAmeiAime, which occupies a narrow 
strip on the north-east of the county from Ault 
Hudcnall and Fleasley. by Bolsover and Langwith 
northwards. Here it is above 100 feet thick, and 
fonnsanesearpment overlooking the Coal-Measures : 
it produces some excellent building stones, which 
are largely quarried at Pleasley, Bolsover, &e. 

The Trias, or Nem Bed Marlt and Sandstone*, — 
Passing nov to the sootb of Derbyshire, we find a 
very different region from those already mentioned. 
The rocks are much more recent than those of the 
Carboniferoiut or Permian Formations, and they 
contain fossils altogether different, showing a great 
break or tnterral of time between, during which 
this country may have been above the sea. The 
lowest bed of the Trias is the Banter (varimated) 
Sandtt&nt: it is a light-rod and yellow sandstone, 
containing numerous rounded quartz pebbles. There 
are some good sections exposed between Sandiacre 
and Cloud Hilt, at Ashbouroe, Morley. &c. About 
Derby it occupies the high ground to the north 
near Beardsall, Muggington, &c. The Bnnter is 
chiefly important as a naler-bearing formation, the 
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ceedings. 

Teign Naturalists' Field Club; Teignmouth. Report. 

Devonshire Association for the Advancement ot Science, Literature, and 
Art ; Plymouth. Tran>?actions. 

Plymouth Institution and Devon and Cornwall Natural History Society; 
•PljTnouth. Annual Eeport and Iransactions. 

Torquay Natural History Society. 

Exeter Naturalists' Club and Archaeological Association. 

Museums. 
Devonport Museum. 
The Albert Memorial Museum, Exeter. 
Athenseum Museum, Plymouth. 
Torquay Museum. 

Publications op the Geological Survey. 

Maim. - Sheets : 20, AVeston-Super-Mare, Bridgwater, and the coast to 
Culbome. Penarth, lAvernock; 21, Ilminster, Taunton, Hohiton, Tiverton, 
Dulverton; 22, Lyme Kegis, Torbay, Kxeter; 23, Berry head to Start Point, 
Dartmouth ; 24, Bolt Head to Kast Looe, Plymouth ; 25, l^unceston, Tavis- 
tock, Dartmoor; 26, Bideford, Holsworthy, Hatherleigh ; 27, Foreland to 
Barnstaple Bay. 

5«)X:«. — Geology of Cornwall, Devon, and AVest Somerset, by Do la Beche, 
148. Palaeozoic Fossils of Cornwall, Devon, and AVest fccmer&et, by Prof. 
Phjllips. Eruptive Rocks of Brent Tor, by F. Rutley, 15s. 6d. 

Important Works or Papers on Local Geology. 

List by W. Whitaker, Esq., of 300 works by 129 authors, in Trans- 
actions of Devonshire Association for Advancement of Science, 
Literature and Art, 1870 ; Supplementary Litt cf 115 more in 
ditto, 1872. 

1866. Jukes, Prof. Beete. — Devonian Rocks of North Devon. Joum. Geol. 

Soc., vol. xxii. p. 320. 

1867. Etheridge, R. E.— Physical Structure and Fossils of North Devon. 

Joum. Geol. Soc, vol. xxiii. p. 568. 
1867. Hall, T. M.- -Relative Distribution of Fossils in North Devon Rocks. 

Jouni. Geol. Soc., vol. xxiii. p. 371. 
186S. Ho!l, Dr. H. B.— Older Rocks of South Devon. Joum. Ceol. Soc., vol. 

xxiv. p. 400. 
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1S69. Whitaker, W. — New Red Sandstone of South Devon. Journ. Geol. 

Soc., vol. XXV. p. 152. 
1862. Pengelly and Heer. — The Miocene Deposits at Bovey Trace j. Phil. 

Trans. 1019. 
1870. Ormerod, W. G. — Granite of Dartmoor. Report Brit. Assoc. 1869, p. 

98. 

1870. Gtxiwin-Aust^n, R. A. C.--The Devonian Group. Report Brit. Assoc. 

1869, p. 88. 

1 87 1. Whitaker, W. — Chalk of Devon. Journ. Geol. Soc, vol. xxvii. p. 93. 

1875. Foster, C. Le Neve. — Haytor Iron Mine. Journ. Geol. Soc, vol. xxxi. 

p. 628. • 

1876. Lavis, H. J. J. — Triassic Strata near Sidmouth. Journ. Geol. Soc, vol'. 

xxxii. p. 274. 
1876. "Woodward, H. B. — Superficial Deposits of Newton Abbot. Journ. 
Geol. Soc, vol. xxxii. p. 230. 

1876. Ussher, W. A. E. — Trias of Devon. Journ. Geol. Soc, vol. xxxii. p. 367. 

1877. Lee, J. E. -Upper Devonian Fossils in Shales of Torbay. Geol. Mag., 

p. 100. 
1877. Woodward, H. B.— Devonian Rocks near Newton Abbot and Torquay. 
Geol. Mag., p. 447. 

1877. Woodward, H. B. — Geology of Plymouth. Science Gossip, p. 169. 

1878. Champernowne, A. — Devonians of North and South Devon. Geol. 

Mag., vol. XV. p. 193. 
1878. D'Urban, W. S. M.— Palaeolithic Implements from the Valley of the 

Axe. Geol. Mag., p. 37. 
1878. Hall, T. M. — Geology of Devonshire in White's Directory. 

1878. Ussher, W. A. E. — Terminal Curvature in the South-Westem Counties. 

Journ. Geol. Soc, vol. xxxi v. p. 49. 

1879. Champernowne, A. Devonian Stromatoporidae from Totnes. Journ. 

Geol. Soc, XXXV. p. 67. 

1879. Duncan, Prof. P. M. — Upper Greensand Corals of Haldon. Journ. 

Geol. Soc, vol. XXXV. p. 89. 

1880. Champernowne, A. —Upper Devonians in Devonshire. Geol. Mag., p. 

359- 

1881. Champernowne, A. — The Ashburton Limestone. Geol. Mag., p. 410. 

1881. Davidson, Thos. — Brachiopods from Budleigh Salterton Pebbles. 
Pal aeon tographical Soc 

See also General Lists, p. xxv. 

In Mr. Whitaker's list we find the title of 415 books, papers, &c., which had 
been written concerning the rocks of Devon between 167 1 and 1870 ; of 
these, however, only nine date back to before 1800, a fact which shows the 
modem origin of geological inquiries. Of the workers in the first quarter of 
the present century we may name Dr. Berger, the Revs. R. Heunah and J. J. 
Conybeare, with Messrs. Allan, Jones, Taylor, Mawe, Prideaux, and Whidbey ; 
in the next twenty-five years the grand work of De la Beche, who mapped 
almost single-handed the broad divisions of the rocks, stands out l)oldly, but 
Sedgwick and Murchison claim high honour, while Professor Phillips, the 
Rev. D. Williams, Messrs. Lonsdale, Weaver, and others, did good work ; in 
the last thirty years we note the names of Jukes, Etheridge, Pengelly, 
Ormerod, Godwin-Austen, Meyer, Vicary, Townshend M. Hall, ^Iter, Worth, 
Champernowne. Valpy, H. B. Woodward, Ussher, &c. 

It is not very difficult to understand the arrangement of the strata of 
Devonshire if we look at them in a broad way only. The oldest rocks, those 
called Devonian, form two broad bands along the north and south of the 
county, extending inland from the coast for some 10 or 12 miles in each case ; 
these two liands are connected underneath, forming a great trough or fold, 
which is filled up by rocks of Carboniferous age, which consequently occupy 
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all the centre of Devon, resting upon and in the hollow formed by the 
Devonian strata; through the southern Devonian and Carboniferous rocks the 
great tgtieous muss of the granite of Dartmoor has burst ; lastly, fringing the 
east of Devon we find l>eds of Secondary or Mesozoic age ranging from the 
frias to the chalk inclusively. 

When we come to examine the various strata in detail, we shall find im- 
mense difficulties, chiefly among the older rocks, arising mainly from their 
complexity of structure and arrangement, and from the manner in which they 
have been altered and dislocated by the volcanic outbursts and great earth- 
movements which formerly were most actively at work in this region. 

Before the geology of Devonshire can l>e decisively made clear, it will be 
necessary that a new survey of the county shall Ik; made by the Ordnance 
Survey on the scale of six inches to a mile; the existing maps on the one- 
inch scale date back to 1809, and are too small to permit of that minute 
mapping of the strata which their complex nature requires. When the six- 
inch map is complete, the Geolc^ical Survey will take the county again in 
hand, and doubtless many questions about which there is now much dispute 
in the geological world will l>e finally and thoroughly settled. We shall now 
describe the rocks in succession, beginning with the lowest or oldest, and 
taking the views regarding their succession which are at present most gener- 
ally entertained. 

The Devonian (or Old Red Sandstone ?) Formation. The beds of this 
age occupy two well-defined areas in the north and south of the county 
respectively; the arrangement of the strata of the northern portion is 
usually considered to be the simpler and more complete of the two, and we 
shall accordingly describe that region first. 

North Devon. — Here red sandstones, slates, and limestones occupy a tract 
of land from 9 to 14 miles wide, extending from the coast as far south as a 
line drawn from Barnstaple to Anstey near Dulverton ; the beds run or 
strike across this region from west to east, and, as they incline or dip to- 
wards the south, it follows that the bottom or oldest beds must \ye those 
which come to the surface or crop out furthest north. These are the Fore- 
land Sandstones^ red and brown in colour, and destitute of oi^nic remains, 
except a few plant-markings found in yellow sandstones at Coimtisbury. In 
the cliffs the strata are seen to have a high northerly dip, but they roll over 
to the south and pass under the Lynton Slates, a fault, however, running 
along the valley of the Lyn at or near the line of junction. From Waters- 
meet by the Valley of Rocks to Woodabay the L^-nton Slates are seen to 
be grey and reddish grits and slates, with some thin bands of impure lime- 
stone and ironstone, total thickness 1,500 feet ; a few fossils occur, as Chonetes 
Hardrensis^ Orthis arcuata, &c 

Next come the Hangman Grits, red, grey, and yellow grits and sandstones, 
1,500 feet thick, forming the Little Hangman and Hangman Hill, and extend- 
ing thence eastwards past Trentishoe and Martinhoe to Oare Oak Hill and 
Ex Head ; they are almost unfossiliferous : upon these grits rest the Hfron 
combe Slates (4,000 feet), silvery grey in colour, and containing thick beds of 
limestone, quarried at many points for lime-burning, and traceable from the 
west of Combe Martin Bay by Kentisbury to north-east of Challacombe ; the 
fossils include many corals (Favosites ceruicomis, Stroma^opora concentrtca) and 
brachiopod shells (Stringocephalvs Burtini) : the Morte States may be con- 
sidered as forming the upper portion of the Ilfracombe Group ; they are 4,000 
feet thick and unfossiliferous; they form Morte Point and Bull Point on the 
coast, and stretch inland along the northern slope of the high ground which 
extends from Pickwell Down to Span Head, and which is formed of red, 
brown, and grey, unfossiliferous sandstones — containing l)eds of hematite 
(iron ore) and manganese— called the Pickwell Down Beds ; their thickness is 
estimated at 3,000 feet. On the southern side of these hills we find the 
Baggy and Marwood Bedtt, also called the CucuUea 2jone from the abundance 
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of a fossil shell of that name ; a quarry in these beds at Sloly, 2 or 3 miles 
north of Barnstaple, has yielded plant remains (Calamites and Lepidodefidron) , 
with the shells Linffida Mela, Avicula Damnoniensis, S^c. 

The highest Devonian strata are termed the Pilion Beds, and are seen at 
Croyde Bay, Saimton, Braunton, Pilton, and thence eastwards to Anstey 
near Dulverton; they are purple and grey slates and shales, with thin irre- 
gular Wis of limestone, containing numerous fossils, such as corals, shells, 
a st«r-fish, crinoids, &c. 

"Whether the arrangement of the strata of North Devon is really so simple 
as above described is a question which has excited much controversy. Pro- 
fessor Jukes believed that the Piekwell Down sandstones were the same as 
those of the Foreland, repeated by a fault with a downthrow to the north, or 
brought in by an inverted anticlinal ; the great objection to this view is 
furnished by the fossils, which, according to Mr. Etheridge, differ widely in 
the different beds. 

It is usually considered that these Devonian sandstones, slates, and lime- 
stones were deposited in the open seas (they contain 'inarim fossils), at the 
same time that the Old Red Sandstone rocks of Herefordshire and Scotland 
were being formed in fresh- water lakes. Professor Jukes cx)m bated this 
view, stating that, from his work among similar rocks in the south of Ireland, 
he believed the lower red sandstones (of the Foreland, &c.) were of Old Red 
Sandstone age, but that the slates and limestones resting on them really 
belonged to the Carboniferous period ; the generality of geologists have not 
yet, however, been converted to this opinion. 

SoiUh Devon. — Very little is certainly known with regard to the order of 
succession of the old rocks of South Devon. The coast at Start Point, 
Prawle, Bolt Head, and Bolt Tail, is composed of metamorphic rocks, such as 
mica slate, chlorite slate, and chlorite rock, which extend inland to Marl- 
borough and South Pool. The age of these rocks is doubtful ; they may be 
Lower Silurian, in which case the gneiss rock on which the Eddystone Light- 
house is built may furnish a connecting link between them and the strata 
round Vcryan Bay in Cornwall, which are certainly of Lower Silurian age. 
More probably, however, these South Devon rocks are metamorphosed 
Devonian slates, the change in character having been effected by a mass of 
some igneous rock which is hidden beneath them or is below sea-level ; the 
great number of granitic pebbles which are thrown up on the coast here 
might well come from such a mass, while several blocks of granite have been 
brought up in the trawling-nets from the Salcombe fishing grounds. 

All the rest of South Devon, as far north as Newton Abbot and Tavistock, 
may be said to be formed of slates and limestones, with some red sandstones, 
which, speaking generally, are of the same age as those of North Devon. 
The lowest beds may be the red sandstones seen at Cockington west of Tor- 
quay, at Staddon Point south of Plymouth, &c. The well-known limestones 
of Plymouth, Yealmpton, Berry Head, Torquay, and Chudleigh, may be 
correlated tvith the Ilfracombe Beds. They are largely worked for marble, 
building and paving-stone ; a walk in the streets of Plymouth on a wet day 
shows the visitor innumerable beautiful corals (Fig. 25) in the stones upon 
which he is treading. Immense quantities of limestone were quarried at 
Oreston for the construction of the Plymouth breakwater. Of the marble 
quarries perhaps those at Tpplepen are best known ; they fumishfed the fine 
polished columns used in the National Provincial Bank of England, Bishops- 
gat^ Street, London, 

The slates which constitute the great mass of South Devon are so rolled, 
contorted, faulted, and interfered with by igneous rocks that their study is 
rendered very difficult. A patch of slate at Werrington, north of I^aunces- 
ton, is believed to 1)C of Upper Devonian age, and fossils of this periwl have 
been found by Mr. J. E. Lee at Saltern ('ove. Torbay. In 1873, Mr. Cham- 
pernowne found a star-fish {Ildiant hast er filicij'or mis) in slate near Harl>erton 
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which resembles those from lh« Pillon Beds. The Hat coiled-up shell of a 
cerfialopod ttilleJ ClyiHenia \a very charecteriBtic of the Devonian rocka. 

Roofiiig elfllea Hre got at Ashburton, Iry Briilge, KiogDhridge, Bickley. iu>d 
TaTiscock; the striped aUtes of Yeolm Bridge, north of I^unceston, are 
worked for chimney-pi eces. 

Mr Etheridge enumerateB 544 species of fossils from the British DcTOniaa 
Ktntta; 125 of these are Ra hen, and I16 brachiopod shellii. 
rs FoLMATios. The 
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Carboniferous age are locally 
termed, occupy a trough in the 
centre of Deconshtre : on the west 
they form the fire cliffs at Hart- 
bmd Point and CloTclly ; eastwards 
they pass under Tnasaic atmta 
between Tiverton and Exeter, while 
the Devoaian slates form their 
bonndarv to the north and south, 
as already described, except when 
tber abut on Dartmoor. The lowest 
culm-meaBorea coalatn black lime- 
Htones seen at Fremington, South 
Molt on, Swimbridge. lAndkej, 
Bainpton. and Holcombe Bogus ; 
these beds dip southwards and rise 
to the Borface agaia on the south 
side of the Ipough at Lew Trench- 
ard, Bridestow, South Tawton. and 
DrewsteigntOD : they may represent 
part of the Carlimiferotu Limr- 
alrme: Potidcmomya Btckeri is a 

Jieit come beds of hard white 
shale and black grits, with veins 
of chert, an impure variety trf flint ; 
these beds are 1,500 feet thick, 
and ma; represent the MiU^orte 
Grit .- Ihey form Coddon Hill (638 
feet) south of Barnstaple, and St. 
Stephen's Hill near Lamtceston. 

The remaining coontry from 
Bideford. Chitllehampton. and 
Tiverton to Torri^on.Chulmleigh, 
Brcndbury. and !&eler, is formed 
of strata which may represent the 
Lotper Coal-meiuiira. resembling 
especially Ihoee of Pembrokeshire. 
They are hard grils and shales 
«Mitainiiur such plant-remains as 

ferns. CatamiUi, iepirfod™rf™», ^;J^"„?^^ 
&c. ; two species of fish belonging origiiiBlmral.^DeTonls 
to the genera Cataeanttuii and 
Bimieit^us have been found in ironstone nodules at Inslnw ; but the Carbo- 
niferons beds of Devon are veij barren of life, having yielded altogether not 
more than 50 species of fossils, as compared with nearly j,ooo from the 
rest of England. 

Irregnlar beds of antkraait, or culm, or stone-coal, can be traced from 
lake's Nose, in Bideford Bay, eastwards throogh Bideford to Hswkridge 
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Wood, near Umberleiffh station ; near Bideford some soft veins of anthracite 
are now worked up into a paint called " Bideford Black." The sandstones 
or "grits" are quarried for building and road-mending ; they are frequently 
ripple-marked. 

From their lack of workable coal-seams or other minerals, the Carboni- 
ferous strata of Devon compare very unfavourably with those of other 
counties ; they form a poor, rather sterile, and scantily populated country. 

The Trias or New Ked Sandstone. — After the formation of the culm- 
measures a long period of time elapsed, during which the Permian strata of 
the centre and north of P]ngland were deposited ; these are wanting in Devon, 
which may then have been above the waters. Of the succeeding rocks known 
as TriamCj we have, however, a fine development ; these beds consist of 
breccias, sandstones, and pebble-beds surmounted by marls ; all are more or 
less of a red tinge, and may attain a total thickness of 3,000 feet. 

Bunter Sandstone. -To this division belong the unfossiliferou^ breccias 
and sandstones, well seen along the coast from Torbay by Dawlish to 
Kxmouth ; the (lower) red marls of Dawlish also belong to this age, whose 
top stratum is probably the remarkable bed (100 feet thick) of pebbles seen 
at Budleigh Salterton, and traceable inland to Burlescombe: most of the 
pebbles are of quartzite, and they contain fossils both of Silurian and 
I)evonian ages, such as Orthis Budleighensis, Trachydenmi serrata, Spirifera 
VemeuUii, &c. ; they may have been derived from rocks which once stretched 
across the English Channel from Cornwall to Normandy. 

The Bunter beds extend inland by Topsham, Exeter, Dttery St. Mary, 
Cullumpton, Kentisbere, Tiverton, and Burlescombe ; a long narrow strip 
goes westward by Crediton to North Tawton and Jacobstow, an outlying mass 
at Hatherleigh and a patch at Portledge on Bideford Bay, marking a former 
great extension of the Trias in this direction ; small outliers also occur at 
Slapton in Start Bay, Thurleston in Bigbury Bay, and at Cawsand south of 
Plymouth. Large crystals of Murchisonite (felsfyar tinged a yellowish-red 
by oxide of iron) occur in Triassic breccias between Teignmouth and Exeter ; 
they have come from the granite of Dartmoor. 

The Keuper Beds are finely exposed on the coast from Sidmouth to Ax- 
mouth, ana are seen along the valleys at Colyton, Axminster, Stockland, 
Honiton, and on the western flanks of the Blackdown Hills. 

The lower beds are red sandstones (" waterstones"), which rest conformably 
on the Bunter beds ; they form the cliffs between Otterton Point and Sid- 
mouth. At the former place Mr. Whi taker found the jaw of a remarkable 
reptile- the Hyperodapedon ; while at Picket Rock Cove, east of Sidmouth, 
Mr. Travis found numerous fragments of bones, including those of the Lahy- 
rinthodon. Red Marls of Keuper age form the rest of the coast from 
Sidmouth to beyond Axmouth ; in these, Mr. Hutchinson found a reed-like 
fossil plant near Sidmouth. Altogether the coast section, for above 30 
miles, from Torliay to Axmouth, is decidedly the finest exposure of the 
Triassic rocks of England; the beds all dip gently to the east at angles of 
from 2 to 5 degrees ; they are intersected and repeated by several faults. 

From the great scarcity of fossils, the presence of oxide of iron, whicli 
more or less colours all the beds, and the presence of beds of gypsum and 
pseudomorphic crystals of rock-salt, it is prol»able that l>oth Bunter and 
Keuper beds were deposited in inland salt lakes of great extent. 

The " red ground, as the Triassic strata generally are called, forms the 
best land in Devon: the soil is rich and fertile, and all the best apple 
orchards stand on it. At "Watcombe, near Torquay, a fine clay is very largely 
worked for terra-cotta and art pottery. 

The RiiiETic Formation consists of green marls, black shales, and white 
limestones (the " White Lias"), which form passage beds between the Trias 
and Lias; their thickness is about 100 feet. They are well seen in the cliffs 
east of Axmouth ; one layer near the l>ase of the black shales is so full of 
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the teeth and bones of fishes and saurians as to be called the " bone 
bed." 

The Lias. — The blue limestones with interbedded shales, which form the 
Lower Lias, are seen in the cliffs beyond Culverhole Point, above the Rhsetic 
beds; they also occur inland east of Axmouth. 

Cretaceous Formatio.v. — The whole of the Oolitic and Neocomian strata 
boing absent, the Cretaceous series reposes directly, first upon the Lias, and 
then upon the New Red Sandstone. In the fine section at Beer Head, west 
of Seaton, we see (i) Sin Is and Clays, 50 feet, representing the Gault ; (2) 
Light-coloured sands with chert beds, lOOftiet= Ujyper Greenmnd ; (3) Chalk 
Marly 10 feet, with layer containing phosphatic nodules {Chloritic Marl) at 
base ; (4) Lower White Chalk (without flints), 25 feet ; (5) Upper White 
Chalk (with flints), 140 feet. 

The bottom layer of the Lower White Chalk is largely quarried for 
building-stone ; it is of a yellowish-white tint, soft when extracted,- but 
rapidly hardening on exposure to the air. 

Tne sandy beds of the Ganlt and Upper Greensand can only be separates 
•"ith great difficulty ; they form the capping of the Blackdown Hills, and of 
all the hills which run thence to the coast between Sidmouth and Lyme- 
Regis; near Broadhembury and Kentisbero the hard concretiomiry lumps 
which occur in layers in the sands have been largely worked to make scythe- 
stones (Devonshire Batts), and the hill-sides are disfiguretl by heaps of 
rubbish. Outliers of the Greensand occur on the hills called Great and Little 
Haldon, and on Milber Down; there is a remnant of angular chert as far 
west as Orleigh Court, only 3 miles from Bideford Bay. Outliers of White 
Chalk cap the hills east of Axmouth, also south of Chard and at Membury, 
Brice Moor, and along the coast as far west as Salcombe Mouth. 

Tertiary Period, -After the deposition of the chalk, a great interval oc- 
curred unrepresented by any strata in Devonshire. The next beds belong ta 
the 

Miocene Formation. — Between Bovey Tracey and Nekton Abbot, on the 
east of Dartmoor, we have a tract of land about 6 miles in length by 2 in 
breadth, which really represents a flUed-up lake. Lignite, or " Bovey Coal," 
has been worked here for more than a century by means of deep cuttings and 
tunnels ; it is used chiefly in the neighbouring potteries, its sulphurous smeU 
rendering it unflt for domestic use. In 1861, Mr. Pengelly made a careful* 
examination of the Bovey deposit, the expense being borne by Miss Burdett- 
Coutts. He foimd alternating beds of clay and lignite, with some sand, to 
the depth of 125 feet, below which the workings did not extend. The thin 
sand-beds disappeared as they were followed down the valley, showing that 
the probable source of both clays and sands was the decomposed granite of 
Dartmoor, while the lignite was formed of trunks of trees and matted vege- 
table matter derived from the plants which grew on the shores of the old 
lake. The fossil plants obtained were exjimined by Professor Heer of Zurich, 
who determined 50 species, 26 of which were new, while 19 were character- 
istic of the Lower Miocene age of the continent ; they included coniferous 
trees (Sequoia Couttsia) allied to the giant Wellingtonias of CaUfm»nia, 
ferns, water-lilies, custard-apples, palms, oak, laurel, &;c., indicating a wam\ 
climate. 

The lignites and clays of Bovey Tracey are unique in England, as a deposit 
of true Miocene age, if such they be ; within the last year or two, however, Mr. 
J. S. Gardner, who has paid great attention to the Lpper Eoce^ie flora of the 
Bournemouth beds, has stated his opinion that the Bovey Beds may be of 
Eocene age. With the exception of a beetle's wing no animal remains whatever 
have been found at Bovey, and this absence of shells, bones, &c., which we 
should naturally expect to flnd in an old lake deposit, is remarkable and diffi-. 
cult to accoimt for. 
Igneous Hccks. — Both the Devonian and Carboniferous strata include beds 

11 
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of igneous rocks whicli appear to be contemparanaous with the rocks in which 
jj_ thej occur; they alter the atcatum lying beaeaih them 
Jj I ^ S3 only, showiog that they had cooled dovn nod solidified 
" before the nnaltered osmyijij Btratutn WHS deposited. To 
"S this class belong the bed of porphyritie feUtone which 
■I can be traced at the base of the Upper Devonians between 
c Morte Bay and Eimoor, the similar rock at Kentisburj in 
3 lUracombe the slates, and the masaes of greenstone and 

tyoloanie ash which frequently occur in Soath Deron, 
_ running in parallel bands from east to west as at Saltash. 
V Other rocks of rery similar chatafter appear to be tn- 
^ trtaive, having been forced in a melted state between and 
% through previously eiistingsedimentary rocks, which they 
"3 have baked and hardened ; of this nature are the bosses 
J between Newton and South Brent, the rock which intrudes 
•^ in the limestone at Yealmpton, &c. 

1 At or about the commencement of the Carboniferous 
^ epoch considerable outbursts of a volcanic nature seem to 
"u hare occurred, of which we find traces north of Tavistock. 

2 The well-known hill of Brent Tor, 1,114 feet '° height, 
*! is composed of devitrilted basalts and pitchstones, with 
S beds of volcanic ash, and tells undoubtedly of the neigh- 

g bourhood of an old volcano (aee/rotttiapiecf). 

M Dartmoor.— J/ier the close of the (SirboniferoHS period 

g and before the deposition of the Triassic strata (which 
"^ conlain rolled pebbles of the granite), the climai of vol- 
J canie action was reached in the upward movement of 

B melted rock from below, which, bearing before it and, 
^ doubtless, to some extent, incorporating with itself the 

S'g overlying rocks, has resulted in the formation of the great 

^i granitic tract having an area of zoo square miles, and 

g I known as Dartmoor. We mtiat always bear in mind that 

1.^ the present surface of Dartmoor was never exposed to 
K-^ the air in a liquid state : the crystals of quartz, mica, and 
^ ^ felspar which constitute the granite were formed under a 

3 ^ depth of several miles of superincumbent rocks, which 
Jj have since been removed by the agents of denudation^ 
1 1 the sea, rain, rivers, and ice. The Carboniferous and 
B- Devonian rocks in the immediate neighbourhood of the 
^3 granite have been altered by it, thongh not to the extent 
" a that one would have expected ; near Chagf ord veins of 
1 1' granite from a few inches to 18 feet in width are seen lika 
r^l IngerspenetratiogtliecarboniferouaHlates. Large crystal* 
^ p of OFtboclasa felspar, sometimes 2 or 3 inches in len^h, 
I S occur in the granite, and black tourmaline (or schorl) la a 

The rock is much traversed by joints, along which the 



J~ of rock known as " Tors " or " Cheese-wrings." Dartmoor 
■E g forms a waste heather-covered region, with many bogs 
* " and peat mosses. The principal heights are — restor, 
l-s i,o$o feet ; Cawsand Beacon. 1,802 feet ; Amicombe Hill, 
S i 2,000 feet ; Newlake Hill, 1,925 feet. The granite from 
^£ Hey Tor (where there are extensive works) was used in 
"■8 the construction of London and Waterloo Bridftes. 
^3 Eleam. — These arc veins and dykes of a whitey-brown 
€ rock termed quartz porphyry, which traverse the granite 



DEVONSHIRE, 69 

nd extend for long distances into the surrounding sedimentary rocks ; those 
south of Modbury and at Roborough Down and Morwell, may be mentioned. 
The Roborough stone has been quarried for centuries for building purposes. 

handy Island, — This is mainly formed of granite resembling that of Dart- 
moor, but with few large felspar crystals ; Devonian slates occupy the south- 
east corner of the island. The large granite quarries here furnished much 
stone for the Thames Embankment. 

Again in the Triassic Period we find felstones, basalts, and volcanic ashes, 
which occur at Washfield, near Tiverton, under Exeter Castle, south of 
Silverton, at Posbury Hill near Crediton, between Exeter and Great Haldon, 
and at Cawsand Bay. All these igneous rocks, from their superior hardness, 
have been much used for road-metal and as building stones. 

Minerals. — The rocks of Devon yield many useful minerals : these occur (i) 
as regularly stratified beds (as the anthracite) ; (2) in veins or lodes which 
traverse both the igneous and sedimentary rocks, and which were originally 
cracks or fissures in the rocks, but have become filled up by mineral matter 
deposited from water trickling or rising through the fissures ; (3) in surface 
deposits, as the stream tin and china clay, which result from the denudation 
and decomposition of the older rocks. The chief or master lodes run east and 
west, and are intersected by others, called cross-courses, running north and 
south. 

The killas, shillet, or clay-slate of the Devonian beds near Tavistock, con- 
stitute the most important mineral-bearing rocks of the county. Copper is the 
chief product, but iron, manganese, and arsenic are also obtained : from the 
mine here called Devon Great Consols there was raised between 1840 and 
1 87 1 copper ore to the value of 3 J millions sterling, and this from an area 
of 140 acres. Lead ore, rich in silver, has been worked in Devonian slates at 
Combe Martin in North Devon, and at Beer Alston in South Devon. Gold 
has been found in a lode of iron ore at North Molton, and in small quantities 
in the stream tin works on Dartmoor. 

The mineral products of Devon for 1878 were — Tin Ore, 21 tons, value 
£744 ; Copper Ore, 16,980 tons, value ;f 50,484 ; Lead Ore, 337 tons, containing 
4,948 oz. of silver; L*on Pyrites, 1,380 tons, value ;f 2,662 ; other ores of Iron, 
6,434 tons, value ;^3,2I9; Umber (from Ashburton), 1,151 tons, value ;^950; 
Ochre, 374 tons, value ;f2i2; Arsenic, 3,091 tons, value £24,2'^! ; Clay, 
55,844 tons, from the Miocene beds near Kingsteignton ; Barytes, 1,843 tons, 
value £4,Z^Z' 

Surface Deposits. — These consist of gravels, sands, and clays, resting on any 
or all of the older rocks, and are of comparatively recent origin. Thus at 
Bovey the top 10 feet is formed of a sandy clay containing angular stones : 
this IS called the " head ;" it includes white clays, which contain leaves of the 
willow and dwarf birch (Betula nana), indicating a cold climate. Great heaps 
of stones and debris spread over parts of Dartmoor and Exmoor, which recall 
the moraines of the glaciers of Switzerland, but the rocks beneath do not 
show the grooving and polishing which are the usual effects of the presence 
of great masses of ice ; these marks may, however, have since been destroyed 
by weathering. Of erratic blocks or boulders we may note one of red 
granite (10 tons) at Saunton cliffs, near Braunton; one of felstone (13 tons) 
at Langtree, near Torrington ; masses of trap-rock at Harberton, Druid near 
Ashburton, and Fremington near Barnstaple ; red sandstones at "Waddeton 
Court, near Dartmouth ; all these are masses of rock which appear to have 
been transported from some distance, probably during the last glacial period, 
by the action of floating ice. 

Great spreads of flint and chert gravel occur in East Devon, the result of 
the weathering of the Cretaceous strata. On Dartmoor there is much sand 
and gravel, the result of the decomposition of the granite ; these frequently 
contain " stream tin." 

Caves, — Several famous caves occur in the limestones of South Devon. 

n 2 
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From fissures at Oreston, near Plymouth, many bones of extinct animals 
(mammoth, rhinoceros, bear, cave-lion, &c.), were obtained between 1816 and 
1858 ; Kent's Hole, near Torquay, has been most systematically explored by 
Mr. Pengelly, aided by the British Association ; the same extinct species of 
animals occur here, associated with flint and bone implements fashioned by 
man. In the lowest deposits in the cave (breccia) we find very rough fiint 
tools, with bones of the bear ; in the upper stalagmitic and red earth layers, 
teeth of hyaenas are numerous ; lastly, the bones of domestic animals, as the 
sheep, occur in the surface layer of black mould. It would seem certain that 
man has at intervals inhabited this cave for many thousands of years. The 
cavern at Windmill Hill, Brixham, has yielded similar e\Hdence. 

Baised Beaches. — A bed of sand and pebbles occurs at Northam, Saunton, and 
Croyde on Barnstaple Bay, it is 15 feet above sea-level and contains recent 
shells. On the south coast a line of raised beaches can be traced about 30 
feet above sea-level at Hope's Nose and the Thatcher Rock near Torquay, 
and at Berry Head, Sharkham Point, Dartmouth, Start Point, and the Hoe at 
Pl3rmouth. All these tell of a recent (geologically speaking) and general 
elevation of the land. 

Buried Forests. — Trunks of trees, with peat, &c., are sometimes exposed at 
or about low-water mark, by \-iolent storms which remove for a brief period 
the overlying deposits of sand and mud. At Northam Burrows, near Apple- 
dore, the stems of seventy or eighty large trees were exposed in 1864; great 
quantities of hazel-nuts were then found in the peat, with bones of the ox, wild 
boar, wolf, goat, &c., and flint flakes. On the south coast similar beds have been 
noticed at Thurlestone, in Biglmry Bay (1866), Blackpool near Dartmouth 
(1869), Torbay, Sidmouth (1873), &c. 

Landslips. — The coast near Axmouth has suffered much from landslips. On 
Christmas Day, 1839, 22 acres of land at Dowlands fell seawards, creating 
a chasm 1,000 yards in length and 300 in breadth ; it was caused by the 
numerous springs which issue at the base of the Greensand. 

Pbehistoeic Man. — The evidence offered by caverns as to the great an- 
tiquity of man in this district we have already alluded to. The lowest 
deposits in Kent's Hole may belong to the early or Paleolithic Stone Age ; 
a rude flint implement of this period, 7J inches long by 3J broad, was found 
at Colyton ; four tools made of chert were found between Chard and Ax- 
minster during the erection of the telegraph posts ; from a low hill of chert 
gravel at Broom, near Axminster, a large number of implements of Palaeo- 
lithic forms, and made of dark brown chert, have lately been obtained ; they 
have been placed in the Museums at Salisbury and Exeter; in 1879 the Rev. 
"W. Downes found one of chert at Kentisbere Moor, in the valley of tlie 
Culm. 

Of the later or Neolithic Stone Age we have several objects which have been 
found, either in the barrows or burial-places of the early savage tribes who 
inhabited Devon, or in the surface soil ; we may note a celt or axe-head of 
flint from a barrow at Hartland, another from Bridge Farm, near North 
Tawton, a perforated adze of greenstone from North Bovey ; a naturally 
perforated flint pebble which had evidently been used as a hammer was 
found by the Rev. R. Kirwan in a barrow at Thorverton, near Exeter ; in 
barrows on Broad Down, near Honiton, two beautifully turned cups of 
Kimmeridge shale were found, with a bronze dagger, flint flakes, and nodules 
of pyrites and reddle ; a lozenge-shaped flint arrow-head was found at Prince- 
town, on Dartmoor ; flint flakes occur in great numbers at Croyde. 
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Some portions of Dorsetshire — more especially the coast — oif er such unrivalled 
opportunities for geological study, that they early attracted the attention of 
writers on that science. The papers by Uerger, Cumberland, De la Beche, 
Webster, Lyell, Buckland, Fitton, Clarke, and Thomson, published some forty 
years ago in the " Transactions &c. of the Geological Society," may still be 
usefully referred to. Later on, in the " Journal " of the same society, we have 
the results of the work of the Revs. P. B. Brodie, Dennis, Fisher, and Blake, 
Dr. Falconer, Professors Phillips and Buckman, and Messrs. Day, Whi taker, 
Hulke and Hudleston. 

The maps and sections of the Government Geological Survey, executed about 
1850 by Mr. H. W. Bristow, are simply indispensable to every student of the 
rocks. 

The Dorset Natural History and Antiquarian Field Club has lately pub- 
lished the first two volumes of its " Transactions," edited by Professor 
Buckman, and containing valuable geological papers by Messrs. Mansel- 
Pleydell, Thomas Davidson, Rev. H. H. Wood, S. Buckman, and the Editor. 
Hutchin's " History of Dorset " may be consulted with advantage, and for the 
Weymouth district Mr. Damon's little work is useful; in the "Proceedings of 
the Geologists' Association of London " we find papers by Mr. H. G. Fordham 
on the '• Wealden in Swanage Bay," and by Mr. J. S. Gardner on the " Eocene 
Strata" ; for numerous other facts we are indebted to scattered notices in the 
" Geological Magazine." 

General Structure op the County. — The surface of Dorsetshire may be 
divided into four regions, which owe their characteristics to the rocks of which 
they are composed. 

(i). In the north, north-west and west we have the Vale country, consisting 
of much clay land formed of liassic and oolitic strata and extending to the foot 
of the chalk hills ; this is a fertile region and is one of the many parts of our 
Isle for which the term " Garden of England " has been claimed. 

(2). The chalk forms a tract of country in the centre of the county, and east 
of it we have (3) sands (with some clay beds) of Tertiary age, forming a rather 
barren region. Lastly (4), a band of oolitic and cretaceous rocks forms a fringe 
along the coast, producing beautiful scenery and of high geological interest. 

In the main the beds of rock have an inclination, or dip, towards the south- 
east ; it results from this, that the oldest or lowest rocks are those which rise 
to the surface, or crop out, on the west and north-west of the county. In our 
description of the beds we shall commence with these older strata and 
gradually advance eastwards, rising in the geological series to newer and 
newer formations. 

The heights of a few points above sea-level are Pillesdon Pen, 934 feet ; 
Lewesdon Pen, 927 feet ; Lyme Regis Guildhall, 28 feet ; Charmouth Church, 
92 feet; Stanton St. Gabriel Church, 411 feet; Chideock Church, 102 feet; 
Bridport Market House, 51 feet ; Winterborne Church, 323 feet; Dorchester 
Church, 224 feet ; Wareham Old Church, 38 feet ; Poole Guildhall, 13 feet ; 
these are taken from the " Abstract of the Levelling by the Ordnance Survey." 

The RiiiETic Beds. — Until i860 these beds were classed with the Lias by 
English geologists, but their fossils on being closely examined proved to be of 
different species to those of the Lias, a fact which led to the separation of 
these Rhaetic deposits from the great mass of the Lias above. They consist 
of greenish marl, black shales and compact whitish limestones, the latter known 
as the " White Lias " ; the total thickness is only about 100 feet. These beds 
just enter the county near Lyme Regis ; their fossils include the shells Avicula 
contorta and Pecten Valoniensis, while in the black shales there are one or two 
sandy layers containing such numbers of scales and bones of fishes and saurians 
as to be entitled " bone-beds." 

The Lias. — This well-known formation is magnificently exposed at Lyme 
Regis, and extends eastwards along the coast past Charmouth and Seatown to 
Burton Bradstock. The middle and upper beds of this grand coast section 
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have been well described by Mr. Day, but of the Lower Lias here no detailed 
account has yet been made public. The Lower Lias contains in its lower part, 
where it surmounts the Rhaetic beds, many layers of limestone and these yield 
the fine specimens of saurians and fishes for which Lyme Regis has always 
been noted ; the grand skeletons of Ichthyosaurus and Plesiosaurus extracted by 
Miss Mary Anning, Mr. J. W. ^larder and Mr. Hawkins, are now deposited in 
our national museums ; these remarkable reptiles must have been when full 
grown from 9 to 25 feet in length, and are of types unlike any now living ; 
they probably inhabited shallow seas and ebtuanes, preying chiefiy on fishes, 
as we may judge from the numerous remains, scales, &c., of the latter found 
in and near the skeletons of the great saurians. The upper portion of the 
Lower Lias is composed of marls and clays, and the thickness of this division 
is about 700 feet ; it extends eastwards along the valley of the Char, past 
Marshwood to Pillesdon and Bettiscombe. The most characteristic fossils are 
the Ammonites, different species of which characterise different beds, forming 
" zones " in the following order from below upwards : — (i), Ammonites plaTwrlns ; 
{2), angulaius ; (3), Bucklandi ; (4), Turneri ; (5), ohtusus ; (6), oxynotus ; 
(7), raricostatus. The fossil fishes, for which Lyme Regis is famous, are be- 
lieved to occur chiefly in the dark marls of the Bucklandi and Turneri beds. 

A small oyster, Ostrea liassica, occurs in great numbers just at the junction 
of the Lower Lias with the Rhaetic Beds. 

Middle Lias. — This division is, according to Mr. Day, thicker on the coast 
of Dorset than anywhere else in England, as he estimates it at 500 feet. The 
lower part is marly, the upper sandy, and of the well-known irony limestone, 
which, under the name of marlstone, usually forms the top of the Middle Lias, 
there is only a very imperfect representative. The characteristic ammonites 
are A. Jamesoni, Hetdeyi, margaritatus, spinatus. Fine sections are exposed at 
Biack Ven, Stoneliarrow Hill, West hay Cliff, Golden Cap, Down Cliffs, &c. 
The fossils lie very much in particular beds, and unless these are found the 
chance of collecting good specimens is not great ; in the ledges of the lower 
part of the beach at Golden Cap immense numbers of Belemnites occur; a 
beautiful star-fish, Ophiodermxi Egertani, is common at the base of a thick bed 
of sandstone about half way up Golden Cap and Down Cliffs. Liland the 
Middle Lias extends past Bridport to Netherbury, and thence westwards by 
Hawkchurch into Devon. 

Upper Lias. — This division includes 90 feet of clays surmounted by sands 
whose exact position in the geological series is rather doubtful ; they are 
above 100 feet in thickness, and were mapped by the Geological Survey as 
belonging to the Upper Lias, but it now seems probable that they belong in 
part or altogether to the inferior oolite ; it will be best perhaps to adopt the 
views of Professor Ramsay and consider them, like the Rhaetic beds, to be 
beds of passage linking together the great liassic and oolitic formations ; we 
can trace these sands east of Bridport, past Milton to Beaminster and 
Burstock, and thence curving round by Crewkeme and Yeovil to Nether 
Compton. The fossils include Rhynchonella cynocephala, Ammonites Jurensis, 
A. aalensis, ^t. 

The Oolite. — Dorsetshire offers a fine opportunity for the study of the 
beds of this epoch ; they occur in two distinct sets, viz., in the north-west of 
the county, and has a narrow tract along the south coast. 

The Inferior Oolite can be traced from 01x)rne through Bradford Abbas to 
Berwick, and thence by Wayf ord and Beaminster to Buijton Bradstock ; at the 
latter point it consists of ferruginous limestones, but further north, at Power- 
stock and at Ham Hill, near Sherborne, we get thick beds of shelly oolite, 
which yield an excellent building stone : one stratum at Bradford Abbas, about 
three feet thick, is so charged with ammonites as to be called the Cephalopoda 
Bed, but Professor Buckman has lately shown that it does not correspond with 
the bed of the same name in the Cotteswold Hills, with which it had been 
confounded, but that its true position is at least 100 feet higher in the. strata. 
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Tho fossils of the Inferior Oolite of this district include Ammonites Huirtr- 
pkriesiantia, A. Parkinaoni, Terdrratula Phillipsii, several species of Astarte, 
Trigotiia, &c. ; the soil is of a reddish tinge and brashy. 

The Fullers Earth. — This division consists of blue and yellow marls and 
clays about 400 feet thick, divided about the middle by a bed of rubbly 
limestone, called the Fuller's Earth Rock, which is largely quarried for lime- 
burning ; this bed only occurs in the northern or vale portion of the county. 
We can trace the Fuller's Earth running east of Sherborne in a long narrow 
strip south-west to Clifton Wood ; after being interrupted by faults it spreads 
widely between Halstock and South Perrott, and then curves round by Mister- 
ton, and runs north of Beaminster to Toller Porcorum, whence it passes south- 
wards, although interrupted by several faults, until it forms the coast for four 
or five miles east of Burton Bradstock. The Fuller's Earth is chiefly under 
pasturage ; it does not contain many fossils, but a small oyster, Ostrea 
acumhiata, is pretty common. The Great Oolite, which, further north, near 
Bath, furnishes such excellent stone, does not occur in Dorsetshire, being found 
to thin out and disappear as it is followed southwards. 

The Forest Marble. — The beds of this name consist of clays containing layers 
of thin fissile limestones, altogether 450 feet thick; it is possible, however, 
that the lower portion may represent the Great Oolite of Gloucestershire. 
The Forest Marble forms a poor, wet soil, mostly in pasture ; we can trace it 
between Stalbridge Park and Holt Hill, again between Sherlx>rne Park and 
Lillington, and at Melbury Wood and West Chelborough ; in the southern 
region it extends from Radipole to Langton Herring, and also along the valley 
of the Bredy. The limestone layers are quarried for flagstones, and at 
Brotherhampton near Bridport, are burnt into lime ; at Long Burton near 
Sherborne, the limestone has been polished for chimney pieces, and is called 
" Yeovil Marble." Of the fossils which occur such as Terebratula maxillatay 
Rhyncho^iella concinnay &c. hardly any are peculiar to this formation. 

CornbrcLsh. — This name implies a rock breaking up, under the influence of 
the weather, into small irregular fragments, producing a " brashy " soil on 
which com grows well : it is a bed of cream-coloured limestone, varying in 
Dorset from 20 to 40 feet in tliickness, and everywhere present in its proper 
position beneath the Oxford Clay, not only in this county but across England 
to Yorkshire. Entering on the north, at Stalbridge, it forms a band half-a- 
mile wide, through Stourton Caundle to Bishop's Caundle : here it is dis- 
placed by a fault, and we find it again between Haydon and Long Burton, and 
again round Yetminster, Ryme, Closeworth and Melbury : in the coast tract it 
occurs at Puncknowl, and between Radipole and West Chickerel. The fossils 
are not in fine condition, but the Rev. H. H. Wood has obtained about 180 
species from the neighbourhood of Closeworth, including Avicula echinatay 
Ammonites Herveyi, &c.; and Mr. Darell Stephens here found a great rarity — 
the skull of a crocodile — Steneosaunts Stephani. A remarkable point about the 
fossils is, that many of them are Inferior Oolite species, which are wanting in 
the intermediate beds, thus giving an example of a recurrent fauna, which is 
of great interest. According to Professor Buckman, the Cornbrash contains 
more phosphate of lime than the other Oolitic strata, a fact which would 
account for its greater fertility. 

The Oxford Clay. — This is a very thick bed of bluish clay, containing 
rounded masses (septaria) of limestone, called pudding-stones, which have 
been cut and polished at Weymouth, Melbury, &c. A common fossil is a 
large Ijroad oyster, called Gryphaa dilatata. The Oxford Clay forms the low 
ground on each side of the river Lidden, between Stalbridge and Mamhull, 
and thence extends in a strip two or three miles wide by Lidlinch, Pulham and 
Holnest to Chetnole ; this is its westward termination, but on the south 
we find it again in the upper part of the Bredy Valley, and also between 
Melcombe Regis and East Fleet: its thickness is perhaps 700 feet: being 
heavy, and difficult to cultivate, the land is mostly in permanent pasture. The 
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hard bed found elsewhere at the base of the Oxford Clay, and known as the 
Kellawaxfs Rock, has not been noted in Dorsetshire. 

Coral Rag. — In North Dorset, we see, above the Oxford Clay, some beds of 
oolitic and rubbly limestone, associated at the top and bottom with sands and 
marls, altogether about lOO feet thick. They stretch from Silton, by Stower, 
Mamhull, Sturminster Newton, Fifehead Neville, Haselbury Bryant, to 
Mappowder, Glanville Wooton and Hermitage, whence they are overlapped by 
the cretaceous rocks. There is a fine section of the strata shown by the 
Sturminster railway cutting, and the lower beds yield a good oolitic buildings 
stone at Mamhull and Todbere. 

At Weymouth the Coral Rag is finely exposed on the coast, and stretches 
across to Wyke Regis : it also runs as a long nairrow band from Ringstead Bay 
and Radcliff Point, by Jordon Hill and Broadway, to Abbotsbury. At the 
latter place is a thick local deposit of iron-ore (hydrated peroxide). 

The characteristic fossils are spines of a sea-urchin — Cidaris Jiorigemma — 
with such shells as Trigonia clavellata, Animonites cordaitis, &c.; corals are 
frequent in Ringstead Bay only. 

Kimmeridge Clay. — This formation takes its name from a little Dorsetshire 
village on the soutn-west side of the isle of Purbeck ; beds of the same age 
cap the Coral Rag in Ringstead Bay and extend thence westwards by Upway 
Street to Portisham ; they also occur in the northern part of the Isle of Port- 
land. In North Dorset the Kimmeridge Clay has an outcrop four miles wide 
at Gillingham and Motcombe, and thence passes southwards by West Orchard, 
Hammoon and Shilling Okeford to Melcombe Park. South of Weymouth, 
about 20 feet of sandy clays and grits are seen, containing Ostrea deltoidea^ 
Trigonia Meriani, &c.; these are the Passage beds of Mr. Blake ; in Ringstead 
Bay about 400 feet of blue sandy clays, with nodular limestone concretions, 
constitute the Lower Kimmeridge ; the common shells are Exogyra virgulay 
Thracia dejyressa, Aminoiiites biplex, &c. The Upper Kimmeridge beds are 650 
feet thick in Kimmeridge Bay, and consist of bituminous shales and cement- 
stones ; these contain many fossils, as Discina latissinm, Cardiuni striatulumf 
&c., and all the large bones of saurians, which have been described by Pro- 
fessor Owen, Mr. Hulke, and others, have come from this division ; one paddle 
of a Pliosaurus, now in the Dorchester Museum, measures 6 feet 9 inches in 
length. Some of the shales are so bituminous as to be used in the neighbour^ 
hood instead of cojil, when the latter substance is dear ; attempts, too, have 
been made to distil mineral oils, and to make alum and gas, from these shales, 
but not, hitherto, with any great success. There is a good deal, too, of the 
yellow mineral called iron pyrites, and the spontaneous decomposition of this 
substance at Ringstead Bay, in 1826, produced so much heat as to infiame the 
shales, which continued to smoulder for several years. From the same cause 
similar ignitions have occurred in the lias beds at Charmouth, usually after 
heavy rains, or when the sea has dashed over the cliflFs. 

The Portland Beds are called after the isle, or rather peninsula, of that 
name : they consist of 70 feet of grey and yellow sands, surmounted by an 
equal thickness of shelly and oolitic limestone, containing nodules and bands 
of chert, an impure variety of flint : besides the locality from which they take 
their name, we find these beds in the Isle of Purbeck, circling round from St. 
Alban's Head by West Hill to Gad Cliff: they fringe the coast from Mewp's 
Bay to Durdle Door, and are also traceable between Osmington and Portisham : 
they are not visible in North Dorset, l)eing overlapped and concealed by 
cretaceous strata, but they peep out again at Tisbury, in Wiltshire. The 
upper limestone bands yield some of the best building stone in England : the 
roach bed lies near the top; it is shelly and not suitable for fine work : the 
best stone is that of the whit bed, lower down, though it is not so thick. St. 
Paul's Cathedral and many of the churches and other public buildings of 
London, especially those erected in the reign of Queen Anne, are built of 
Portland oolite. 
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The fo»8iI» moHtly occur as ca»t» ; Cerithium Portlandicum (the " Portland 
»croV), ArnmrMiteM yiganteus, and Cardium dumimile may bo mentioned ; yellow 
cryHtalM of Hulphate of l>aryteH are not uncommon. 

Jlie Purheck Deds.- Thane conMint of limeHtone*, clavH, and marln, altogether 
joo feet thick : in the Inla of Purbeck they extend from Hwana^e to Worth 
Alatravern, and thence in a narrow Uind through Kingston to Worl^arrow IJay : 
AH a narrow contorted liand they are vinible between Mewp'n Kay and Man-f>f- 
War Cove : in the Weymouth dixtrict they cap the Ji<le of Portlanrl on the 
wmth, and are found on the north between Owminffton and Poxwell, and we«t 
of Uoway. In 1850 ProfewHor E. ForbeH divideil the Purl>eckM into I>jwer, 
Middle, and Upper: the Lower Purbeck containn " Dirt BwIm," which are the 
remaiuM of oM land MurfaccH comxHyHtid of vegetable Moil, and c^mtaining ntumrm 
of trecH, named Mwntellia, which are allied to the living Cycad»: in tne 
Middle Purbeclw we have ** Cinder Becln/' comp<iHed of vawt mai«MeM of oynterM : 
the upper bedn are fre«hwater limcHtonen full of Pahulina and other frenh- 
water mIicIIm: thewe limentoneH were formerly TKjli»hed and ui*ed, under the 
name of ** Purbeck Marble," to make the Hlenaer nhiiftH in Gothic churchen. 
Kemainn of in»ectH are frequent in the Purbeckn, and CywrideB (Hmall fre»h- 
water cnwtacean«) are al»o very abumlant. In 1854 Mr. W. R. wrodie found 
remainH of Hmall marnmalH in the Middle Purbeckw, at Durl^ton IJay, and in 
1856 the energetic re»earcheM of Mr. H. If, Iieckle» exhumed fragments 
(chiefly lower jaww) of 25 Hpecie« from the same bwl in the Huburlm of 
owanage. These luive been dencriberl by Professor Owen as marsupials of 
small size, resembling the Kangarrxj Rat of Australia. 

The Purbeck strata close the great Jumssic scries, as the I^ias ami 
Oolites are termed when considered as a whole : the nature of the seiliment 
anrl the fossils they contain show them all to be of marine origin, until we 
come to the very top, where in the Purbeck Reds we have evidence of fresh- 
water, proljably estuarine, conditions. 

Nkocomiaw, or Lowkk Ckktackous Period. The grits and sanrly cla^s 
which lie confonnably on the Purbeck series, are also of freshwater origin, 
and are known, the lower jmrt as the Hatftifufa Bedn, and the upper division a« 
the Weald Clay : they rxrcupy the whole recess of Hwanage nay and extend 
due west to Worl/arrow Ray, which is also excavated in them: their dip is 
due north at a high angle : they thin westwanls in a remarkable manner from 
1,800 feet at Bwanage liny to 725 feet at Worljarrr>w Ray, 660 feet at Mewp's 
Ray, 462 at Lul worth Cove, ami 172 at Man-of-War Cove : inlaml they can l>o 
traced from the north side of Kast Clialdon to Osmington. In Hwanage Ray 
liones of two gigantic reptiles, the Igvanod/m ami Megalommrmi^ have been 
found, and here, tofj, Mr, Reckles has found gigantic footprints, 15 inches 
long, of these or some other huge monsters. 

The Punfield Series was named by Professor Judd from the place of tliat 
name, on the north side of Hwanage Ray. Here we have nlxmi 200 feet of 
laminated shales and sands containing 1/ands of limestone and ironstone : these 
crjntain brackish water ami marine fossils, showing a depression of the 
Wealden area which admitte<l the waters of the oj>en sea. 

77ie Lower Greennand consists of grey clays and sands al>out 60 feet thick, 
resting on the Punfleld bed, ami containing hlxrjgpra ninuata, &c. 

Cretackous Formation. — Of the lowest division of this series— the Gault 
' there is a jx>or representative seen in Punfleld Cove: it is a dark samly 
clay with few fossils, and is alxjut 40 feet thick : it has been traced westward 
to Lyme Regis, where, at Rlack Ven, it rests ufxm the Lias. On the west 
side of Hhaftesimry the Oault again crops out : here it is thicker ami assumes 
its normal character of a blue micaceous clay. 

The Upper (Jreenmnd varies from loo to 200 feet in thickness : it is a 
yellowish-orown saml, containing beds of samlstone and layers of chert, ami 
near the l^se is speckled green by silicate of iron: it runs everywhere at 
the l^se of the chalk hills, except where cut oflf by faults ; from Punfleld it 



DORSETSHIRE. 



77 



pnsaes westvarda througb East Chaldon, Abbotgbury Coetle aod AskeraweU 
CO Cheddington, then eurvea north-east hy Maiden Newton, Everahot, 
Melcombe, Bingham, and Sutton Waldron to Shaftesbury, east of whjeh town 
it haa a broad outcrop rsaehing to Berwick St. John; gtneFally ita ontcrop is 
leaa than hali-a-mi!e wide. Many outlyiug patches of the Upper Greenaand 
form tlie capping of the hilla in Weat Doraet ; among these are Eype 
Down, Golden Cap, Stooebarrow Hill, Haddon Hill, Lewadon Hill, Pillesdon 
Pen, Conio Castle, Thomcomb, &o. The great unconformity of the orotaceouB 
series to the underlying strata is well shown by this overlap of the Upper 
GreeDsand apon bed after bed of the lower rocks. The Upper Greeosand is 
an eicellent water-bearing stratum, the rain which has percolated through the 
chalk being arrested by the clayey base of the sands : hence springs issue alt 
along ita outcrop, and the sites uf riUages and towns have been determined by 
it. Near Shiiftesbury a bed of sandstone is quarried for building purposes. 
Fossils are not numeroos, but a branching sponge and the slielts Pecten atper, 
P. guadrioaatatui, &c., show the strata to be of marine origin. 




fnnu he chalk. 



TAe Cfudk. — All the ordinary subdivisions are recognisable in Dorsetshire. 
First we hare the Chalk Marl, about 60 feet thick, greyer than ordinary 
chalk, and containing a slight Mdmiiture of cIhj ; at its base is a bed about 
18 inches thick, containing phosphntic nodules and many fossils; this ta^er is 
known as the Chlorilk Marl ; neit comes the Lower Chalk, or chalk without 
flints, from 50 to 150 feet thick ; its top il the chalk-rock, a hard thin band 
of cream-coloured chalk ; the Upper Chalk, or chalk-witti-fllnts, is 600 feet 
thick on the east of Doraet, but it thins westward. 

As a. whole the chalk forms a broad band io miles in width, eitendingtrom 
Cranborne and Cranbome Chase to the south-west, past BUndford, Stur- 
minster Marshall, Bere Regis, Piddlelown, Hilton, Cerne Abbas, and Dor- 
cheater. The Downs above Beaniinster are separated from [he main mass, 
and other outliers occur further west near Mosterlon, Cricket St. Thomas, 
&c. ; along all the line now mentioned the dip is gentle, and to the south-eaat. 

On the south coast the chalk hue been upheaved ho as to stand nearly verti- 
cally from Dordlo Cove by Bindon Hill, Purback Down, and above Corfe 



> 



78 GEOLOGY OF ENGLAND AND WALES. 

Castle to Ballard Down, where the Foreland marks its present termination, al- 
though originally it stretched rightacross to the Needles in the Isle of Wight. 

In Dorset the chalk presents its usual characteristics — high, bare, and 
rounded hills covered with short herbage, but possessing little or no soil, dry 
valleys and few trees. On the southern slope of the Down at Owermoigne, 
facing Weymouth, a gigantic figure of George III. on horseback, 1 74 feet in 
height, has been made by cutting away the turf; near Cerne there is a 
similar figure of a giant holding a club More than half a million sheep still 
feed on the Dorset Downs, but a good deal of the land has of late years been 
brought under plough. The chalk may be examined in many pits where it is 
quarried for lime burning : the fiints are used for road mending. The fossils 
of the lower chalk include the brachiopod shell, RhynchoiieUa Cuvieriy and 
several species of Inoceranms ; in the Upper Chalk we find the rounded bodies 
of many sea-urchins, the commonest species being Micraster cor-anguinujii 
(fig. 27) and Ananchytes ovatzts (fig. 28), with the shell Spondyltis spinosuSf 
Rhyncho)iella octoplicata, fish-teeth, &c. The chemical composition of chalk 
is nearly pure carbonate of lime, and the microscope shows it to be composed 
in large part of the shells of microscopic animals, called foraminifera, belonging 
to the lowest scale of animal life. 

Landslips. — ^Along the Dorset coast, near Lyme Regis, the chalk and Upper 
Greensand rest on Rhsetic and Liassic clays, and dip slightly towards the 
sea, while numerous springs issue at the junction of the sands and clays. 
Here are all the conditions favourable to the production of land-slips, and 
they frequently occur, and are sometimes of great magnitude. In 1839, 
about 22 acres of land at Bindon slipped down towards the sea, producing a 
chasm 1,000 yards in length by 300 in breadth: a model illustrating this 
may be seen in the Jermyn Street Museum, London. 

Tertiary Epoch : Tub Eocene Formation. — The Eocene beds of Dorset 
rest on an eroded surface of chalk. They occur in the eastern portion of the 
county, and form part of the " Hampshire Basin," which includes the strata 
of the same age in Hants and the Isle of Wight. 

Woolwich and Reading Beds. — These consist of sands, pebble-beds, and clays, 
with sometimes a layer of green-coated flints at the base where they rest om 
the Chalk. They form a narrow band from the south side of Studland Bay 
through Lulworth, Wool, Winfrith, Warmwell, Piddletown Heath, Blox- 
worth, Corfe Mullen, and Edmonsham, their outcrop being from half-a-mile to a 
mile wide, and it can be often traced by the oak trees which grow well on this 
formation. The old name for this division was the " Plastic Clay," and red and 
mottled clays are of frequent occurrence ; at Crendle Common, near Cranborne, 
coarse pottery is made from a bed of this kind ; fossils are wanting, except 
that leaves are found in a pale grey sandy pipe-clay near East Bloxworth. 

Outliers of the Reading Beds occur on the chalk at Bincombe Down, and 
on Black Down above Portisham, &c. On AflFpuddle Heath and Piddletown 
Heath, east of Dorchester, large natural pits occur, like inverted cones, 
measuring from 30 to 100 feet in diameter ; these have been formed by the 
removal of the underlying chalk by water charged with carbonic acid gas, the 
upper sands, &c., have then fallen in. 

The L(ynd(yn Clay (or Bognor Beds) forms a similar surface feature to its 
Reading Beds, which it closely accompanies along the line just noted ; the 
outcrop between Wimborno Minster and Fordingbridge is rather wider, oc- 
cupying from one to two miles at the surface ; it consists of brown sandy 
clays containing irony concretions and flint pebbles. 

The Lower Bay shot Beds form all the land round Poole Harbour, reaching 
westwards through Wareham and Moreton to Woodsford, and stretching east 
and north-east across the boundary of the county by Kingston and Wool- 
bridge ; they are flnely exposed in cliffs along the coast from Studland to 
Bournemouth and eastwards. They consist of sands of varied colours, con- 
taining beds of pipe-clay and brick-clay. Mr. Gardner estimates the total 
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thickness at 1,000 feet. The clays are largely dug at "Wareham, Poole, and 
elsewhere. In 1877 there were exported from Poole Harbour 56,345 tons of 
clay, most of it for British potteries in Staffordshire, &c., but 4,971 tons went 
to foreign ports ; 16,570 tons of clay were also used at works in the district, 
where ornamental tiles, tesselated pavements, &c., are largely made; in 1879 
the quantity of cla^ exported from Poole had risen to 67,019 tons. The clays 
contain many remams of plants, leaves, &c., indicating a rather warm climate. 

It is not known when the Poole clay was first worked, but there is an 
" Order in Council," as far back as 1666, directing that no dues were to be 
paid on " tobacco pipe-clay " at Poole. 

Surface Deposits. — The chalk is in many places thickly covered by flints, 
the debris of higher beds of chalk which have been denuded by weathering 
agencies. There are thick gravels, too, on the table land between Poole and 
Bournemouth, containing many pebbles of quartz, granite, &c., which have 
probably been brought from the old Cornish rocks of the west; these are the 
high-level gravels of Mr. Codrington, and he considers that they were formed 
in the valley of a river running from west to east, and previous to the separa- 
tion of the Isle of Wight from the mainland. 

Low-level gravels — i.e„ such as are not more than 40 or 50 feet above the 
existing rivers, occur in most of the deep combes and along the sides of the 
valleys. In these remains of the extinct mammoth (Elephds primigenius) and 
of Rhi7ioceros tichorhinus have been found, especially in the gravels of the 
Stour, the Piddle and the Avon. 

Evidence of an elevation of the coast line is afforded by the well-known 
raised beach at the southern end of the Isle of Portland ; it is composed of 
sea-worn pebbles, at its highest point is 53 feet above sea level, and contains 
shells such as inhabit the shores of the English Channel ; in Portland, too, 
many bones have been found in caverns and fissures in the limestone. At 
many places great masses of a coarse sandstone, called Druid or Sarsen stones, 
or grey wethers, are found lying on the surface ; one called the Agglestone, 
near Studland, is computed to weigh 400 tons ; these are now believed to be 
the remnants of some hard bed of the tertiary series, probably in the Bagshot 
Beds, which formerly extended far to the west of their present limits. Of 
glacial action, no undoubted'signs have yet been observed in Dorsetshire. 

Masses of blown sand, forming low mounds, occur on the coast in Portland 
Koads, and at the entrance of Poole Harbour ; a famous mass of pebbles — 
the Chesil Beach — stretches for 16 miles between Portland and Burton Brad- 
stock, the stone diminishing regularly in size from four inches in diameter at 
Portland to little more than sand at Bradstock. 

Prehistoric Man. — Of the earliest kind of stone implements which are 
assigned to the Falaolithic Stone Age only two specimens have yet been found 
in Dorsetshire, one from the gravels at Wimborne Minster, and another at 
Dewlish, three miles north of Piddletown ; both are of flint. Of the later 
or Neolithic Period many specimens have been found ; these are mostly chipped 
out of flint and include celts or axe-heads, arrow-heads, flakes or knives, 
hammers, scrapers, &c. They occur in the surface soil, or in the mounds 
which are the burial places of the early tribes who inhabited this country. 
Many are found in and near the famous entrenched camps on the chalk hills 
at Badbury Rings, Hod Hill, Maiden Castle, &c., and at Afflington, Bradford 
Abbas, Poundbury, Ridgeway Hill, &c. In a barrow at Afflington a ring of 
Kimmeridge shale was found with a bronze ring, flint-flakes and arrow-heads, 
a perforated whetstone, and glass and bone beads ; at Porrington a shallow 
one-handled saucer or stand of Kimmeridge shale was found ; at Winter- 
bourne Steepleton a perforated axe-head, made of greenstone, was found in a 
barrow with some burnt bones. All these relics belong to a period which 
closed some thousands of years before the Christian era, for when Caesar 
landed in Britain the inhabitants had long been acquainted with the use of iron. 
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The important economic products of the rocks of this coimty have led to their 
close examination and to repeated discussions as to their relations and origin, 
in consequence of which our knowledge of the structure of the district is 
tolerably full and complete. The Gtjvemment Survey has published geolc^- 
cally-coloured maps of the northern part of the county, and the survey of the 
remaining portion is now being executed by Messrs. Cameron, Bums, &c., 
under the direction of Mr. Howell. An excellent horizontal section running 
from Allenheads on the west to near Sunderland on the east, and on a true 
scale of six inches to a mile (the work of Messrs. Howell and Bums), has also 
been published by the Geological Survey. Many valuable papers have been 
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issued by the Tyneside Naturalists' Field Club and by the North of England 
Institute of Mining Engineers. For our knowledge of the Carboniferous 
rocks, we are largely indebted to Messrs. Hutton, Winch, Buddie, Wood, and 
Professor Lebour, whilst Sedgwick, King, Kirkby, and Howse have especially 
studied the Permian Formation. When the Government Survey is completed, 
its officers will no doubt issue a most full and minute account of the rocks of the 
district, but this cannot be expected for some three or four years. There is 
a good general account of the coal-field, with a map, in Professor Hull's 
** Coal-fields of Great Britain ;" the Report of the British Association Meeting 
at Newcastle (1863) contains some information; the other papers are either 
in the Geological Society's Journal or the Geological Magazine, with the ex- 
ception of Professor King's account of the Permian fossils (with plates), which 
was published in 1850 by the Palseontographical Society. 

The geological structure of the county of Durham is, considered broadly, 
simple enough, The beds of rock run from north to south, and they have a 
general dip, or slant, or inclination to the east. The oldest rocks occur in the 
west, forming part of the Pennine Chain, the highest point reached being 2,196 
feet at Killhope Law. Byerhope Head is 1,720 feet, and Knucton West Fell 
1,770 feet above the sea. The exact altitude of a few other points fixed by 
the Ordnance Survey may also be given : Barnard Castle (Church), 520 feet ; 
Staindrop (Church), 360 feet ; Ferry Hill (Windmill), 587 feet ; Darlington 
(Market Cross), 154 feet ; Stockton-on-Tees (New Church), 47 feet ; Durham 
Cathedral, 215 feet ; Chester-le-Street (Church Tower), 73 feet ; and Gateshead 
(Trinity Church), 154 feet. 

In describing the various beds of rock, whose upturned edges form the 
county of Durham, we will, then, begin with the oldest rocks, which, as stated 
above, are those which form the high and barren moorlands constituting the 
eastern slope of the Pennine Chain. 

Silurian Formation. — In the upper part of Teesdale, near Cronkley Scar, 
shales of Silurian age have lately been detected near the Old Pencil Mill. 
They are crossed by quartz veins and by several igneous dykes, and probably 
extend for some distance under the boulder clay. They lie just on the west 
or upthrow side of the Burtree Ford Fault. 

The Carboniferous Formation. — This is the name applied to a great series 
of beds, which further south, in Yorkshire, Derbyshire, &c., admit readily of a 
triple division into (i) Carboniferous Limestone at the base, (2) Millstone 
Grit in the centre, and (3) Coal-measures on top. But as we follow these 
beds northwards very considerable changes take place, and it becomes a matter 
of great difficulty to adapt the strata of Durham and Northumberland to this 
classification. When we get into Scotland we find the base of the Carbonifer- 
ous Formation to be, not a great mass of limestone some thousands of feet 
thick, such as exists in Derbyshire, but a set of beds of sandstone and shale 
with workable seams of coal, to which the name Calciferous Sandstone Series is 
applied. As Durham lies midway between these two districts, we might 
expect to find in it an intermediate state of things, and this would in the 
main be true. In this county, however, we have not a complete series of the 
lower Carboniferous strata. The lowest beds occur outside the county, on the 
top and western slope of the Pennine Chain. 

The Bemician Beds. — This is a term applied by Professor Lebour to beds in 
Durham and Northumberland which represent both the Scar Limestone of 
Professor Phillips and his Yoredale series : it was independently applied to the 
same beds as long ago as 1856 by the late Dr. S. P. Woodward. The term is 
derived from Bemicia, the ancient name for Northumberland. 

If, however, we adhere to the older classification of Phillips, then the sheet 
of basalt, known as the Grreat Whin Silly does doubtless in Teesdale and the 
neighbourhood form a useful line of division. All the beds below it may here 
be termed Scar Limestone^ and those above it up to a bed called the " Fell-top 
limestone " would constitute the Yoredale series. The total thickness of these 
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beds is about 2,500 feet, of which 1,500 feet belong to the Scar Limestone, 
and 1,000 feet to the Yoredale series. The various beds of limestone may be 
traced for considerable distances, and are distinguished by local names. Thus, 
commencing with the lowest in the Yoredale series, we have the " Tyne-bottom 
Limestone," resting on the Great "Whin Sill, next comes the " Scar Lime- 
stone," then the " Five-yard Limestone," then the "Three-yard Limestone," 
and next the " Four-fathom Limestone ;" this last is a very well-known bed, 
and is distinguished by the presence of the fossil Saccamina Carteri, a fora- 
minifer of which the rounded segments are sometimes as much as one-eighth 
of an inch in diameter, and which stand out in relief on the weathered surfaces 
of the stone. It has been fully described and figured by Mr. H. B. Brady, 
F.R.S. (Carboniferous Foraminifera, Palseontographical Society, 1876). Higher 
up, we have the " Great limestone," which is a very continuous bed, from 
30 to 40 feet thick, and is largely quarried. Fifty feet higher comes the 
"Little limestone," which is remarkable for its underlying seam of Coal. 
Then comes a considerable thickness — perhaps 350 feet — of shales and sand- 
stones, above which we find the highest limestone band, called the " Fell-top 
limestone," which also has a thin Coal-seam beneath it. The sandstone-beds, 
which occur between the limestone, are locally termed hazle^ and the bitumi- 
nous shales plate. Fossils are not uncommon. In the shales plant-remains 
(such as form the Coal-seams) are well seen, and in the limestones marine 
shells like Prodiicttis giganteua (the " large cockle " of the miners) abound. 
The limestones are largely quarried in Weardale, being sent to the iron 
furnaces, where they are used as a flux to aid in the melting and removing of 
impurities from the iron. Near Frosterley, a bed called the Bishopley lime- 
stone yields an excellent building stone. 

The lead veins which traverse the limestone beds, are also of great com- 
mercial importance ; they usually run east and west, and appear to have 
originally been fissures, or cracks in the stone, which have been filled up with 
galena (sulphide of lead) and other minerals deposited from heated waters 
traversing these fissures. In 1875, the total amount of lead ore raised in 
Diirhapa and Northumberland was 22,304 tons ; this yielded 16,525 tons of 
lead, and 70,191 ounces of silver; this was principally raised in the Allendale, 
Weardale, and Teesdale mines. In 1879 there were raised 14,187 tons of 
lead ore, valued at ;^i 50,000. Valuable deposits of iron-ore (spathose 
carbonate and siliceous hematite) are also worked. In 1875, Weardale pro- 
duced 34,829 tons of iron-ore, worth ;^2 1,626 ; but in 1879 only 16,679 ^^ns 
were raised, value ;^ 10,007. 

The Millstone Grit. — This division is about 500 feet thick in Durham ; it 
includes all the beds of grit, sandstone, &c., between the Fell-top limestone 
and the Brockwell coal-seam ; its main outcrop runs from Barnard Castle on 
the south, by Wolsingham and Stanhope to Shotley and Sicaley, but detached 
patches of it occur further west, on the most conspicuous hill-tops or fells. 
Fossils are few, chiefly plant remains, with a few marine shells, such as 
Orthis, Spirifera, &c. The sandstones are quarried to make into millstones 
or grindstones. " At Carr's Craggs millstones are lying, cut by Simpson, of 
Langdale, of very large size, and there are stones at present which may be 
cut to any size as far as 13,000 solid feet, or 39 feet in length." The upper- 
most beds of the division consist of fine-grained siliceous clays, to which the 
term gannister is applied. 

The Coal Measures. — Durham contains the most important coal-field in the 
British Islands. On the west it is defined by the outcrop of the millstone 
grit, as already explained, while on the north it passes into Northumberland ; 
to the east the coal-seams extend under the sea to a distance of perhaps 10 
or 12 miles, rising at last in that direction to form part of the sea-floor, just 
as they rise and crop out in the contrary direction in the west ; southwards, 
too, the various beds rise up in the same manner. Staindrop marks the south- 
west comer, and a line from this place to Seaton Carew, north of the mouth 
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of the Tees, would mark the southern limit of the Coal-measures underneath 
the newer, later-formed Permian and Triassic strata. The fact that the coal- 
seams passed under and could be got by sinking through the magnesian lime- 
stone, was first pointed out at Haswell, by William Smith, the " Father of 
English Geology, in 1821. 

At the time of its formation, the Durham coal-field was probably continuous 
with those of Yorkshire on the south, and of Whitehaven and Lanca- 
shire on the west ; but at the close of the Carboniferous period, Professor 
Hull has shown that the crust of the earth in England was thrown into long 
east and west folds, one such fold running across from the mouth of the Tees 
to Morecambe Bay ; from the top of this fold the coal-measures were in time 
denuded off by weathering influences, the sea, &c. ; then subsidence followed, 
and the Permian beds were deposited. At the close of the Permian epoch 
terrestrial movements again occurred, but now along north and south lines, 
resulting in the elevation of the Pennine Chain, and dividing the coal-fields 
of Yorkshire, Durham, &c., from those of Lancashire and Whitehaven. 
Thus the present basin-shaped form of most of our coal-fields is the result of 
the action of subterranean forces along lines at right-angles to each other. 
It follows that it would be hopeless to bore for coal anywhere south of the 
line we have mentioned (from Staindrop to Hartlepool) to as far at least as York. 

The total thickness of the CoaUmeasures of Durham is about 2,000 feet, 
and this is composed of fine or coarse-grained sandstone (locally termed post), 
interstratified with beds of shale (metal), and about one hundred seams of 
coal, varying in thickness from a few inches to several feet. The Brockwell 
seam (3 feet) is the lowest important one ; then come the Three-quarter (2^ 
feet), the Five-quarter (3 feet 4 inches), the Stone coal. Jelly coal, Townley 
or Harvey coal, Ruler coal, Five-quarter, Crow coal, and the Hutton or Low- 
Main seam. This last seam is 6 feet thick, and in Durham is moderately 
soft, and excellent for household use and coking ; higher still we have the 
Five-quarter, the Bensham coal (6 feet thick, and extensively worked under 
the magnesian limestone near Sunderland), the Yard coal, Stone coal. Metal 
coal, and the High Main coal. This last was the original Wallsend seam, but 
is almost worked out ; towards the valley of the Wear it is split into two 
seams by the intercalation of sandstone and shale. 

The yearly output of coal is very large ; for South Durham, in 1875, it 
amounted to 19,456,534 tons from 177 collieries ; and for North Durham and 
Northumberland, 12,640,789 tons from 170 collieries. Of fire-clay got from 
the beds just beneath every coal-seam, a large quantity is also raised — 
603,226 tons in 1875 ; it is used for the manufacture of seggars, or for any 
purpose where capacity to resist great heat is required. There are also beds 
of ironstone, generally called mussel-bands, because they are full of the 
mussel-like shell, called Anthracosia. Of iron pyrites the total quantity ob- 
tained in Northumberland and Durham in 1875 was 1,520 tons, valued 
at ;^76o. In 1879 the output of coal had decreased in South Durham to 
17,306,482 tons ; while of fire-clay, only 286,407 tons were raised. 

In the shales, remains of plants are of frequent occurrence ; ferns named 
Sphenopteris, Neuropteris, &c., portions of gigantic reeds called Catamites, the 
stems of giant club-mosses, called Sigillaria and Lepidodendron, which at- 
tained the dimensions of large trees, although no living club-moss exceeds 
3 feet in height ; these composed the chief part of the vegetation of the coal- 
period. The coal-seams themselves are formed of the matted remains of the 
same plants, squeezed into a small part of their original bulk. Fish remains 
are common in a thin shale bed which forms the roof of the Low-Main seam, 
but only one marine shell is known, Lingula mytiloides, and this appears 
dwarfed or stunted, as if it had lived under unfavourable conditions. All 
things combine to prove that each coal-seam grew as a forest on low marshy 
flats near the sea, the " under clay," full of rootlets (called Stigmaria^ they 
belonged to the plant whose stem is named Sigillaria), being the soil. In 
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these swamps a great thickness of vegetable matter accumulated, when, the 
land slowly sinking below the sea-level, mud and sand were deposited upon it, 
on which new forests grew ; so seam after seam was formed. 

In 187 1, before the Eoyal Coal Conmiission, Mr. Forster estimated the coal 
which may still be got in Durham, at 3,738,750,ocx) tons, which at the 
present rate of consumption will be exhausted in less than 200 years. But if 
ooal can be worked under the sea to a distance of 3^ miles from the coast, a 
further quantity of 734,500,000 tons may be obtained. 

Faults. — The coal-field is intersected by several dislocations or faults, which 
interrupt the continuity of the seams ; they nearly all run from east to west, 
the best-known being the "Butter Knowle Dyke," which runs across the 
southern part of the basin. The strata to the south of it are 700 feet lower 
than those on the north, and thus all the coal seams from the " Five-quarter " 
downwards, are brought in a^in under the Permian rocks, as proved at 
Leasingthorne, Black Boy, and Eldon collieries. The Burtree-ford dyke runs 
north and south along the moorland country between the upper courses of the 
Tyne and Tees : it affects the Yoredale rocks only. 

Igneous Eocks. — In Durham those rocks which have been melted or are 
" fire-formed," are intimately connected with the Carboniferous Formation ; 
indeed most of them seem to have been injected into the positions which they 
now occupy at about the close of that period. The Great Whin Sill is a well- 
known bed of basalt which forms the bed and bank of the Tees for several 
miles above Middleton : it was plainly thrust into its present position, for it 
has baked or altered the beds which rest upon it as well as those upon which 
it rests. The Gockfield Dyke runs past that place to Bolam and crosses the 
Tees at Preston, whence it can be traced to near Scarborough. A similar 
dyke runs by Hamsterley to Sunderland Bridge. In the north of the county 
the Hehhum Dyke runs across the Tyne near that place. The Little Whin Sill 
is an interstratified ba.saltic mass which occurs in the Three-yard limestone of 
"Weardale, near Stanhope. These basaltic masses are quarried at several 
points and yield good road-metal. 

The Permian Formation. — These rocks derive their name from the kingdom 
of Perm, in Russia, where they were examined by Sir R. I. Murchison. They 
enter Durham near Pierce Bridge, and their outer edge runs past Midderidge 
and Boldon to South Shields. Along this line they form a well-marked 
escarpment with a steep slope to the west. On the east they pass under the 
Triassic rocks, but the junction is so overspread by gravel, bouldeivclay, &c., 
that it is not easy to trace : its general direction, however, is along a line 
drawn from near Pierce Bridge to Hartlepool. 

Five subdivisions have been made out in the Permian rocks of Durham. 
At the base, resting unconformably on the coal-measures, we have the Lower 
Red Sandstone : it is about 100 feet thick, incoherent and false-bedded. It is 
seen in quarries at South Shields, Claxheugh, Newbottle, &c. This sandstone 
yields an almost inexhaustible supply of pure water, with which the towns of 
Sunderland, South Shields, Jarrow, and Seaham are supplied. It is a source of 
much trouble in sinking colliery shafts. The plant-remains which occur, such as 
ferns, calami tes, &c., are all of species also found in the Coal-measures beneath. 
It is indeed more than probable that these red sandstones will have to be in- 
cluded with the carboniferous system, but further researches are needed to 
finally settle this point. On these sands rests the Marl Slaie, a thin yellowish 
laminated deposit only 3 or 4 feet thick. It is, of course, not a true slate ; 
but the name is commonly applied by workmen to any tolerably hard stone 
which will split into thin layers. At Ferry Hill, Midderidge, Hartley's 
quarry, Claxheugh, &c., some very finely preserved fossil fishes have been 
obtained from this bed of the genera Palaoniscus, Platysonius, &c, also traces 
of plants, and in the south of the county a few fossil shells. 

The Magnesian Limestone. — The three remaining subdivisions constitute the 
Lower, Middle, and Upper beds of this well-known rock : the total thickness is 
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about 400 feet : at many points the rock is a true dolomite, i.e. composed of 
equal proportions of Ciirbonate of lime and carbonate of magnesia, and the stone 
is then of a yellowish hue. At Marsden it is largely quarried and sent to Sun- 
derland : there it is treated with sulphuric acid, the magnesia is dissolved out, 
and from the liquor obtained Epsom salts (sulphate of magnesia) readily ciys- 
stallizes out : a considerable portion of the Epsom salts now sold is obtained in 
this way. The Upper Limestone is well seen in Roker Cliffs, on the coast north 
of Monkwearmouth, and in the quarries on Fulwell Hill : it is remarkable for 
its concretionary structure. The Middle beds can be best studied at Humble- 
ton and Tunstall Hills, and the Lower Limestone at East Thickley,Whitley, &^. 
Fossils occur most frequently in the Middle Limestone: they are chiefly 
such marine shells as Productus horridus, Spirifera alata, &c. Bones of laby- 
rinthodonts have been found in the Midderidge quarries by Joseph DuflF, Esq. 

Tab Trias, or New Red Sandstone. — This forms the low ground of the 
south-east comer of the county, on which Darlington, Stockton, Sedgefleld, 
and Seaton Carew are situated. Red marls with gypsum occur, and beds of 
reddish sandstone are seen on the coast near Seaton Carew and in the banks of 
the Tees, but there are few good sections. In a boring on the opposite side 
of the Tees at Middlesborough, Messrs. Bolckow and Vaughan went through 
1,300 feet of red marls and sandstones, and left off in a thick bed of rock- 
salt ; so there can be no doubt of the great thickness of the triassic beds in 
this district. At Oxenhall, about three miles from Darlington, are some 
large natural pits known as "Hell Kettles" : they vary from 114 to 75 feet 
in diameter, and appear to be due to the sinking in of the surface, in conse- 
quence of the dissolution of beds of gypsum (which is soluble in water) which 
lie underneath. No fossils occur in these triassic strata, which appear to have 
been formed in great salt lakes or inland seas. 

Glacial Deposits. — There are clear traces in Durham of the former exis- 
tence of glaciers. A great ice-sheet seems to have come down from the 
Cheviots and Pennine Hills, smoothing and scoring the rocks it passed over, 
and finally, as it melted, leaving behind a thick deposit of blue or grey boulder 
clay, full of fragments of old rocks, such as granite, porphyrito, basalt, lime- 
stone, &c. Grooved and polished surfaces may be seen at the Trow rocks, near 
South Shields, and at Ryhope Snook, south of Sunderland. Boulder clay is 
well exposed on the coast at Hendon and the Blue House, south of Sunderland, 
but it extends more or less over the entire coal-field. Beds of sand and gravel, 
usually false-bedded, rest on the boulder clay, and are consequently of later 
date. They probably indicate a depression of the land when the boulder clay 
was in part washed up and the materials resorted by marine currents. 

Recent Deposits. — Along the coast peat-beds or " submarine forests " occur 
at Whitburn, "West Hartlepool, &c. : they have yielded antlers of the red deer 
and Lrish elk, a tusk of the mammoth (an extinct species of elephant), hazel 
nuts, &c. Beds of blown sand or dunes are also common along the coast. The 
river-gravels of the "Wear and its deposits of fine mud (brick earths), also 
belong to this period. Bones of the lynx have been found in a fissure of the 
Mountain Limestone in Teesdale. 

Pre-historic Man. — Stone implements of the later or neolithic type used 
by the early inhabitants of these islands, before they became acquainted with 
the use of metals, have been found at several places in Durham. A stone axe- 
head, made of basalt and 5^ inches long, was found at Sherbum ; another of" 
the same material was dug out of a peat-moss at Cowshill-in-Weardale ; it is; 
now in the fine collection of Canon Greenwell, of Durham, as is also another, 
perforated to admit a handle, which comes from Millfield, near Sunderland*. 
At Coves Houses, near Walsingham, a stone hammer-head has been found, and 
flint arrow-heads at Newton Ketton and Lanchester Common. The interesting- 
remains found in the Heathery Burn Cave, near Stanhope, belong to a rather* 
later period : they included ornaments of jet, with many bone pins or awls, 
and several bronze objects. i 2 
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'The rocks of Essex have attracted a fair amount of attention from geological 
ol>servers. The Government Geolr^cal Survey has published coloured maps 
of the southern half of the county, prepared by Messrs. Whitaker, Dalton, 
Penning, and others, and the examination of the northern portion is also, we 
believe, completer], although the maps are not yet quite ready for issue: on 
these maps the various layers or strata of rock are laid down with the utmost 
accuracy, and indicated by means of various colours. 

The geology of the southern ]:)ortion lx)rdering on the Thames and Lea has 
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been described by Mr. W. Whitaker in his " Geology of the London Basin,** 
and the same author has also published a descri(>tion of the strata in the 
north-eastern comer of the county, round Harwich ami the Naze. Numerous 
papers by Professor Owen, Messrs. Brown, Mitchell, Clarke, Cliarlesworth, 
Searles V. Wood, Harmer, Penning, Prestwich, &c.. have apj^eared in the 
Journal of the Geological Society and the *' Geological Magazine." The deposits 
at Grays and Ilford are favourite hunting grounds of the members of the 
Geologists' Association, and have frequently been described in their Pro- 
ceedings. 

Geological Formations in Essex. — The coimty affords a fair diversity of 
rocks. The strata rest one upon the other with a general inclination or dip 
to the south-east : a consequence of this is tliat the lowest (and therefore 
oldest) beds crop up and occupy the surface in the north-west of the coimty, 
and here accordingly we find the white chalk or upper cretaceous strata. 
Resting upon the chalk, but formed at a much later j>eriod, is the lowest 
Tertiary stratum, known as the Woolwich and Reeling beds, alcove which 
comes the London cLiy, and lastly the sandy Bagshot l>e<ls. Subsequent com- 
paratively recent deposits of boulder-clay, sand, brick-earth, gravel, &c., 
repose irregularly uj.>on the eroded edges of the true rock-masses enumerated 
above. 

The Cretaceous Formation. — Commencing then with the beds of chalk 
which we have already stated to be the lowest and oldest of the strata which 
form the county of Essex, we find in the north-west of the county hilly and 
undulating ground, which presents, though in a less marked manner, the 
characteristic features of the downs of the south of England. This chalk 
district extends from the north and west boundaries of the county as far 
south as a line drawn through Bishop's Stortfonl, Castle Hedingham, and 
Sudbury: it is only along the boundary line with Cambridgeshire, however, 
that the chalk hills make any feature in the landscape, or tliat we find the 
white earthy limestone known as chalk actually forming the surface. The 
Royston downs rise to a height of 400 feet, and from this point to Linton and 
Haverhill the average height is between 300 and 400 feet. The top of the 
Rivey, a hill just outside the county near Linton, is 325 feet above the river 
Cam and 365 above the sea-level. The Lotcer ChalJ: is exposed along the 
western slope of this low escarpment and along the valleys of rhe little streams 
that run northwards into the Cam. 

The Upper Chalk is distinguished by the presence of numerous layers of 
flints, which are absent or rare in the beds below. A microscopical examina- 
tion of chalk reveals the fact that it is almost entirely composed of minute 
shells of /oramiNi/ercL, a low class of animals which are, even now, forming a 
deposit very similar to chalk on the bed of the North Atlantic Ocean. The 
chalk dips to the south-east and undoubtedly underlies the whole of Essex, 
rising again to the surface on the south of the Thames to form the hills known 
as the North Downs. One little patch, however, croj^s out in the south of 
the coimty between Purfleet and Grays Thurrock ; here it is largely worked 
for the manufecture of ''whiting." and the flint nodules are employed in 
making porcelain. Numerous fossils, as sea-urchins of the genera A$MMcht/feSy 
MicrasfeTy and GaUrites, shells, as Terthratuh cornea. Inoceramus. \c., and in 
fiact all the ordinary fos.«ils of the Upper Chalk, are fairly plentiful. At 
Grays the chalk has been proved by boring to be about 660 feet thick, and at 
Harwich 888 feet. 

The Tertiarv Period. — The chalk was prol^ably depositeti at the bottom 
of a rather deep ocean, and was hardened, elevated to form dry land, eroded, 
and again depressed, before the next bed of rock was deposited upon its 
surface. Evidently then there must have been a great interval of time 
between the two, and proofs of this interval are further furnished by the fact 
that the fossils found in the beds we are now going to describe are of an 
entirely different nature to those of the chalk, showing that a complete change 
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in the life existing in this region of the earth had taken place. Here then 
geologists draw one of their great boundary lines, placing the chalk, with 
certain beds beneath it, in a group denominated the Secondary; beds lower 
still (coal, slate, &c.) are known as Primary, but the newer, higher strata are 
denominated Tertiary, or third in order of the stratified rocks. 

The lowest Tertiary strata are known as the Eocene Formation, and are 
subdivided into — 

(i.) The IVianet Sands. — Resting on the mass of chalk near Grays we find 
20 or 30 feet of fine light-coloured sands, in which few or no fossils occur ; 
they rest on a layer of green-coated fiints known to the workmen as the 
" Bullhead Bed." Mr. Whitaker has lately shown that the Thanet sands also 
occur at Ballingdon, a suburb of Sudbury, where they are 15 feet thick, and 
from this point they may extend along the edge of the chalk to Bishop's 
Stortford. 

(2.) The Woolwich and Beading Beds. — These are mottled clays and sands, 
also seen at Sudbury, above the Thanet sands : thence they run by Shalford 
and Easton park to the south of Stortford, where they are well exposed in 
several brickyards. In South Essex they run from Wennington by Orsett to 
Stanford. Their thickness is about 40 feet. 

(3.) The BUickheaih {or Oldhaven) beds also occur near Orsett : they are 
composed of well-rolled fiint pebbles embedded in sand, and are only a few 
feet thick. Mr. Bristow remarks : " At Hassenl^rooke, east of Orsett, the 
farmer has some very productive strawberry beds, and the fruit, well known 
for its good quality, fetches a high price. I was told that the produce of 12 
acres fetches j^ioo a week in Covent Grarden Market, a price much above what 
the neighbouring growers can get. The explanation of this difference in 
quality is, I believe, that the sandy pebble-bed upon which these strawberries 
are grown makes a soil especiallv favourable for their cultivation, and that 
good gardening has little to do with the matter." 

(4.) The London Clay. — This is the chief Essex formation. When we 
descend the gentle eastern slope of the chalk, we see before us a second 
escarpment, rising in low hills to heights of between 200 and 300 feet above 
the sea. The lowest portion of the northern slope is composed of the 
Beading beds, but on the top and stretching thence right away to the mouth 
of the Thames and the North Sea, we find beds of stiff brownish and bluish 
clays, in which layers of septaria occur : the latter are rounded masses of 
impure carbonate of lime, usually traversed by cracks, which are filled up 
with crystals of the same material. In the south-east of Essex the London 
clay is 480 feet thick, but it thins out considerably as we follow it westwards. 
Near Harwich the London clay was formerly worked for the septaria, which 
were used in the manufacture of cement. Here, too, it contains numerous 
small nodules of iron pyrites, which are still collected on the beach near 
Walton, for the manufacture of copperas, to the amount of about 150 tons per 
annum. At many places in Essex the Ijondon clay is worked for the manu- 
facture of bricks, and sections may be seen near Brentwood Railway Station, 
Galleywood, Ingatestone, Maldon, &c. 

There is a spring at Hockley, the water of which, like much of that from 
the London clay, contains sulphate of magnesia (Epsom salts). An endeavour 
was made some years ago to construct a "spa" with "pump rooms," and a 
woman was employed to dispense the waters whose strong healthy appear- 
ance visitors were led to believe was the result of their medicinal effects. In 
spite, however, of such a strong corroboration of the efficacy of the Hockley 
waters, the public refused to 1)e cured, and the speculation proved a failure ; 
all that now remains of the spa being the buildings which are still known as 
" Hockley Spa." Teazles grow well on the Ix>ndon clay, and also the elm, 
oak, and ash. 

(5.) The Bagshot Beds. — These sandy unfossiliferous strata only occur as 
outlying patches in the southern half of the county : they contain pebble-bedtf, 
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formed of well-rolled flints only, and are about 25 feet thick: their position ia 
invariably on the high ground and hill-tops, and springs issue from their 
junction with the London Clay below. They occur at High Beech, on the hill 
of Havering-*tte-Bower, an<l there is a rather large mass which stretches 
southwards from Shenfield by Brentwood to Warley Common : they form the 
upper layers of the Brentwood brickfields, are also exposed in tne mil way 
cutting there, and the pebble-beds have been extensively dug on Warley 
Common : other patches occur near Frieming, Stock, Gulleywood Common 
and Rayleigh : they also form the upper part of Langdon Hill, which rises to 
a height of 388 feet, and can be seen from long distances. 

Now the five divisions of the Tertiary Epoch which we have described, viz., 
the (i) Thanet, (2) Reading, (3) Blackheath, (4) London Clay, and ($) Bagshoc 
beds, are considered by geologists to form the lowest division of the Eocene 
formation. After the deposition of the Bagshot beds, the area seems to have 
been elevated so as to become dry land ; at all events, there are no traces in 
Essex of strata of Upper Eocene age, nor of the succeeding Miocene period, 
which we find well represented in the Isle of Wight and on the Continent. 

Pliocene Formation. — In the Eocene beds only a very few of the fossil 
shells (about 3^ per cent.) are identical with species now living: in the 
Pliocene strata, on the contrary, we find in the lowest beds that one-half of the 
fossil shells belong to living specjes, while in the upper portion nine-tenths are 
precisely similar to existing forms. These Pliocene beds onlv occur in the 
eastern counties, where they have received the name of " crag," from the Celtic 
word creggan^ a shell, in allusion to the fact that the beds are almost made up 
of a mass of comminuted shells. 

The Bed Crag. — The Lower, White, or Coralline Crag does not occur in 
Essex, so that the Bed Crag rests upon the London clay : it only occurs in the 
north-east corner, where it is well exposed to the fine cliff sections at Walton 
Naze. Here we see it to be a coarse, reddish brown and grey sand, full of 
shells, and showing much false bedding. Harwich Cliff had also once a capping 
of Red Crag, but this has been removed by the encroachment of the sea. Of 
shell-fish, 148 species have been obtained from Walton, of which 75 are 
Mediterranean species, showing probably a rather warmer climate than at 
present. 

Coprclite Bed. — At the base of the Red Crag we find a layer of phosphatic 
nodules, whose valuable fertilizing properties were first pointed out by the 
late Professor Henslow: this bed is worked at Wrabness, Little Oakley, &c., 
and about 5,000 tons altogether of these coprolites have been raised in Essex. 

Chillesford Beds.— At the Naze we see 6 or 7 feet of sandy clay resting on 
the Red Crag, which may possibly belong to these beds. 

Pleistocene Formation. — The Drift or Glacial Beds. — Beds of Upper Plio- 
cene age found in Norfolk and Suffolk give plain indications that a colder 
climate was then beginning to prevail. The Mediterranean shells disappear, and 
are replaced by Arctic forms: still later we enter on a period of severe cold, 
when icebergs detached from glaciers, which then covered all the north of 
England and the whole of Scandinavia, came sailing southwards laden with 
rocks detached from the land over which they rubbed, or the glaciers them- 
selves may have pushed southwartls as far as Essex and Middlesex. The Lower 
Boulder clay then formed in Norfolk, &c., does not occur in Essex : here the 
first glacial deposits are pebbly gravels and sands — the Midrglacial Beds. These 
may mark a temporary diminution in the cold, together with a su})sidence of 
the land : they are overlaid and overlappeil 1)y the Upper or Chalky Boulder 
clay, which reaches southwartls to the northern edge of the Thames Valley. 
Thus it is spread as a surface covering over all the stratified rocks of Essex, 
except along the bottoms of the river valleys, where it has been washe<l away, 
exposing the Mid-glacial gravels beneath. It is a stiff clayey mass of a 
brownish hue, full of chalk-pebbles, fiints,and pieces of rock, containing, too, 
numerous fossils brought from afar : it often forms a stumbling-block to the 
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joaag geologist, who fails to (listingniBh il from the stratified rocks irhich it 
conceaU. 

Pogt-Glaciat Beds. — The vnllejs were prol>iibl)| filled up during the Glacial 
period, and hsTe since been rv-«icaVHttd \iy the rircn which now occupjthem. 
MoBt of the material so remored has been swept ont to the aea ; but here and 
there along the rirer's course ve find 1>edi! of fine loam or brick-earth, and 
again beds of gmvel or sand, at varjing heights, vhich hnru been deposited by 
the streams at different periods. 1 he brick-earths at Stmtfoni, llford, Grays, 
Copford, &c., have yielded numerous remains of fresh-water mollusca, maialy 
such as still inhabit the adjoining district. At Orajs, howerer. a shell known 
OB Cyrena jtumituUU occurs, which is now only known in the Sile ; at Copford 
siity-nine species of shells hare lieen found, three of which (of the gennis 
Hdtz) no lunger inhabit England ; from peal-beds exposed in the old brick- 
yard at I^iden, remaias of lieetles, mostly of non-British genera, have been 
obtained. Bones and teeth of the mammoth, of a rhinoceros, hippopotamus, and 
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n presented by him to the British ^usen 

Kitensive deposits of sand and mud occur 
all along the Essex coast, from Mhoeburyness 
to Harwich, At Clacton stumps of trees form- 
ing a submerged forest are to be seen at low 
water, which indicates a suloidence of the 
coast-line. The slope of the land as it passes 
under the sea is a very gentle one, and indeed 
the deepest part of the Korth Sea between 
Essex and Holland is only iSo feet, so that a 
very slight elevation would suffice to render 
England again, as it has several times been 
since the deposit of the Eocene beds, a part of 
the continent of Europe. A well-sinking for 
water at CLic(on-on-aea in 1878 paused through 
Post-Glacial Sands, 18 feet ; London CUy, 194 
feet; Reading Beds. 56 feet ; entering thechalk 
at a depth uF 270 feet; the same rock was 
found to lie 2iofeet below the Castle Brewery, 
Colchester. 

Does Coal exi»t benfotb fjsexl — It has been 
pointed out by Messrs. Prestwich, Godwin- 
Austen, and others, that (he coal-beds of 
Belgium pass we«twanls to near Calais, trend- 
ing in a direction which, it conlinucd, vould 
bring thtm underneath the south of England 
to (he Somerset and Bristol coal-fields, which 
are supposed to be a continuation of them, as 
the coal-seams are much alike in quality, 
number, and thickness. Now a well-lioriDg at 
Harwich struck dark slaty rocks which we 
know to lie beneath the coal, at a depth of 
1,026 feel, and these rocks had a rather high 
inclination towards the south. Borings at 
Kentish Town ( 1 , 1 14 feet), and Meui's brewery 
in London (1,000 feet^, show on that side also 
l„l old rocks of Devonian age. Kow between 
>an- these, and conseijuently uiidemeBth Essex, it 
rbe ie possible that a coal basin occurs, hidden 
'™' deep down under about 1,500 feet of chalk 
B a most important question for the landowners of 
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Essex, and it is highly desirable that a boring should be made at some suitable 
point to test the question. 

Prehistoric Man. — Several examples have been found in Essex of the flint 
and stone implements used by the early inhabitants of this country, when as 
yet metals were unknown. A chipped flint celt or axe, 9 inches long' and 3^ 
broad, was found at Blunt's Hill, near Witham: another specimen, ground at 
the edge and 6 J inches long, occurred at Stiftord, near Grays Thurrock: the 
same spot also yielded a perforated stone hammer, circular in outline and 3 
inches in diameter. At Audley End, a stone pestle like a small club, 9J inches 
long, was found in a gravel pit, with a Roman cinerary urn. A remarkably 
large flint chip or flake was found in digging the foundations of a house on 
Windmill Hill, Saffron Walden. Mr. John Evans remarks concerning this 
specimen: ** One face is somewhat flatter than the other, but both faces are 
dexterously and sjrmmetrically chipped over their whole surface. The small 
flakes have been taken off so skilfully and at such regular intervals that, so far 
as workmanship is concerned, this instrument approaches in character the 
elegant Danish blades. The form seems well adapted for a lance head, but on 
examination the edges appear to be slightly chipped and worn away, as if by 
scraping some hard material. It would appear then more probably to have 
been used in the hand.*' At Great Easton, near Dunmow, a flint pick or chisel 
has been found, and a perforated axe-head made of greenstone near Colchester. 
Such were the tools and weapons used l»y our predecessors in this country up 
to perhaps 5,000 or 6,000 years ago, when the use of metals was discovered. 
Doubtless many more specimens would be found if gravel pits and other exca- 
vations were watched by intelligent observers. 
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The strata which compose the county of Gloucester have so long and repeat- 
edly been carefully examined by competent geologists, that we are well 
acquainted with, at all events, their general relations and mode of occurrence ; 
it will, indeed, be impossible to name one-half of the workers who have con- 
tributed to the literature of the subject, for in the preparation of even this 
brief account, we have consulted some himdreds of books, papers, notes, &c. 

Among the earlier workers we may name William Smith, G. Cumberland, 
T. Weaver, W. Lonsdale, J. Buddie, Murchison and Strickland, Brodie and 
Buckman. Professor Phillips has described the old rocks of May Hill and 
Tortworth ; of the coal-fields Professor Hull gives a good general account in 
his " Coal-fields of Great Britain," and the same author, as a member of the 
Geological Survey, mapped and described much of the Cotteswold district. 
Dr. Wright and Dr. Lycett have added greatly to our knowledge of the fossils of 
the Liassic and Oolitic strata, and each has also published masterly descrip- 
tions of portions of the county — the former in his address to the Geological 
Section of the British Association (Bristol meeting, 1875), and the latter 
in his "Handbook of the Cotteswold Hills" (published in 1857). 

Fort-Major Austin has diligently studied the Millstone Grit; but in con- 
nection with Carboniferous Rocks the palm must be awarded to Mr. W. 
Sanders, whose map of the coal-field, on a scale of four inches to a mile, was 
a marvellous achievement for a single private individual to accomplish. In 
the fine museum of the Bristol Philosophical Institution, there is a grand 
series of local rocks and fossils, whose collection and display are mainly due 
to the energies of Messrs. Etheridge, Tawney, and Sollas ; and the Natural 
History Society of Bristol, together with the Cotteswold Field Club, have 
done much good in exciting a love for the study of geology. 

The whole county has been geologically mapped on the scale of one inch to 
a mile by the Government Geological Survey, and these maps, with the accom- 
panying memoirs by Professor Hull, Mr. H. B. Woodward, &c., form a 
thorough and complete guide to the subject. To the Rev. W. S. Symonds, 
Rev. F. Smithe, Professors Rupert-Jones, Judd, Jukes, and Tate, and Messrs. 
R. Etheridge, W. W. Stoddart, J. W. Salter, W. C. Lucy, and many others, 
we can only express our general obligations. 

As in other regions, the present configuration of Gloucestershire depends 
mainly upon the nature of the rocks which form its various parts, and on the 
way in which these have been acted on through long periods of time by agents 
of denudation — the sea, rivers, rain, ice, chemical action, &c. The surface of 
the county plainly divides itself into four regions, but two of these are closely 
related. First, we have on the west of the Severn a forest region, including 
the Forest of Dean Coal-field and the old Silurian rocks of May Hill. The 
second region much resembles this, but lies on the other side of the Severn ; 
it includes the Bristol coal-field, with the Silurian rocks of Tortworth. The 
flat lands round the Severn forming the well-known " Vale of the Severn," 
constitute the third region, and the fourth consists of the Oolitic rocks, which, 
in the east of the county form a well-marked escarpment with an old table- 
land on the top, gently sloping eastwards. 

The elevations of a few points are Pewsdown Hill, 1,200 feet ; Cleeve Cloud, 
1,081 feet ; Leckhampton Hill, 978 feet ; Painswick Hill, 929 feet ; Stinch- 
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» 
combe Hill, 725 feet ; Tewkesbury Market House, 45 feet ; Gloucester Cathe- 
dral, 58 feet ; Stone Church, 100 feet. 

In describing the strata it will be the simplest plan to begin with the oldest 
or first-formed, and then to take in turn the overlying beds. 

Upper Silurian Formation. — There are two uncovered areas of Silurian 
rocks in this county : they are both exposed at the surface through having 
been thrust up by volcanic upheavals from below, which produced faults 
or dislocations in the rocks ; thus it has been calculated that the rocks of May 
Hill are 9,000 feet above their proper position. We can trace a line of up- 
heaval running northwards by Woolhope, and southwards from May Hill to 
Purton Passage and then on the other side of the Severn, bringing up rocks of 
the same age roimd Berkeley and Tortworth. 

Mat/ Hill. — Here the central dome or mass is formed of the Upper Llan- 
dovery, or May Hill Sandstone : then comes a slight encircling ridge composed of 
Woolhope Limestone ; then a depression formed by the Wenlock Shales, with 
a ridge beyond of Wenlock Limestone, and on the outside again, the Ludlow 
Beds : the area here composed of Silurian rocks measures about 6 miles north 
to south, by 3 miles east to west, and includes the eminence known as Huntley 
HilL The summit of May Hill (which is also known as Yartledon Hill) is 
clad with firs, and affords a very fine view in all directions : there are several 
old quarries from which the ordiiiiiry Silurian fossils may be obtained, such 
as the corals Petraia, Favo8iteis,6iC.j the shells Ckonetes lata, Strophomena dej-ressa, 
with fragments of trilobites, &c. At Djrmock, the Downton Sandstones are 
quarried : these are passage beds between the Silurian and Old Red Sandstone 
formations. 

The Tortworth District. — Here again we have the same beds as at May 
Hill : they form a long strip, reaching 12 miles due south from Tites Point 
on the Severn : their extreme width near Stone is 2J miles : the district is 
the least picturesque of all the Silurian tracts which lie on the eastern 
borders of Wales, no portion of the surface attaining the height of 200 feet 
above sea-level. The Upper Llandovery Beds stretch from Tortworth to 
Stone, and are again seen at Charfield Green : they are chiefly Red Micaceous 
Sandstones, with a westerly dip of about 25 degrees, and are traversed by 
several sheets of igneous rock (basalt) which is quarried for road metal. Beds 
of Wenlock Shale with two bands of Wenlock Limestone extend from Cinder- 
ford Bridge southwards to Whitfield : they dip to the east and are overlaid 
conformably by Ludlow Shale, Sandstone, and Limestone : the latter strata 
also occur further north round Berkeley and run up to the banks of the 
Severn : this tract of Silurian rocks is traversed by several faults, and is an 
intricate and difficult region to understand. 

. The Old Red Sandstone. — Beds of this age cover a great surface area in 
Herefordshire, and stretching eastward, they pass completely round the 
Silurians of May Hill, encircling also, save at one point on the south, the 
Forest of Bean Coal-field : they form the banks of the Severn for about a mile 
north and 2 miles south of Purton Passage, and crossing the stream, pass 
southwards through Berkeley to Cinderford Bridge : again in this region they 
extend from Thornbury to Milbury Heath and thence come round in a narrow 
band south of Tortworth to Wickwar Common. In the extreme south of the 
county we again see them in the gorge of the Avon, at Clifton, rising up from 
beneath the Carboniferous Limestone : where exposed, they are usually seen 
to consist of red marls and red and brown sandstones, with some thin bands 
of impure nodular limestone, called comstone : they form a poor stony soil in 
this district, and fossils are very scarce ; a few fish scales and spines have, 
however, been found : near the top is a bed of conglomerate ; the well-known 
Logan, or rocking-stone, called the "Buckstone," near Monmouth, is formed 
of this conglomerate : sections are exposed along the Wye, on the banks of 
the Severn, in road-cuttings near Drybrook, Forest of Dean, and at many 
points near Tortworth Hill and Milbury Heath. 
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The Carboniferous Formation. — As Gloucestershire includes two distinct 
coal-fields it will perhaps he hetter to descrihe them separately. 

1. The Bristol Coal-fidd. — Under this term we include all the Carbo- 
niferous rocks lying between Bristol and Kin^wood on the south, and Tort- 
worth on the north. The beds called Lower Limestone Shale form the base 
of the entire series, and are 500 feet thick in the gorge of the Avon, where 
they contain the Bone or fish-palate bed, only 4 to 6 inches thick, but con- 
taining an immense quantity of fossils. The Carboniferous^ or Mountain 
Limestone is 2,6cx) feet in thickness. From Clifton and Durdham Down it 
runs north to Westbury and King's Weston : after a break we again see it at 
Almondsbury Hill, and thence follow it along the Ridgeway to Olveston, and 
north-east to beyond Cromhall, whence it curves southwards past Wickwar to 
Chipping Sodbury. It forms bare and rugged scenery, with a thin reddish 
soil, and makes an excellent white lime : it is also used for road metal and for 
building purposes : fossils are numerous, especially brachiopods, crinoids, and 
corals ; indeed, much of the rock seems to be composed of the fragmentary 
joints of crinoids. The Upper Limestone Shale is the term applied to the 
alternations of shales and sandstones with impure limestones and thin seams 
of coal which form the passage beds between the subjacent beds of pure lime- 
stone and the overlying Millstone Grit: the latter is usually a hard close- 
grained grit or quartzite ; miners call it the "Farewell Rock," inasmuch as it 
underlies all the workable coal-seams : its thickness is about 1,000 feet : at 
Clifton it has been largely quarried for building-stone ; it it is again exposed 
south of Cromhall, and can l)e traced southwards to Yate, but elsewhere it is 
covered over and concealed by Secondary Rocks. 

7^e Coal-measures are divided into an upper and lower series, each about 
2,000 feet thick, and composed of shales and sandstones with bands of iron- 
stone and seams of coal : these two series are separated by a thick mass of 
sandstone, the Pennant Grit, which varies from 1,000 to 2,000 feet in thick- 
ness ; it contains much iron-ore, and is largely quarried for building purposes. 
There are 20 seams of coal above 2 feet in thickness, and the outcrops of the 
principal seams can be traced over an area extending southwards from Crom- 
hall through Iron Acton, Westerleigh, Stapleton, and Mangotsfield to near 
Kingswood, where an anticlinal line, accompanied by a fault, causes the beds 
to roll over and dip to the south, thus forming a partly separate basin 
between the Avon and the Mendip Hills. The quantity of coal raised in the 
Gloucestershire basin in 1879 was 471,290 tons. 

2. The Forest of Dean Coal-field. — Here the strata form a very perfect 
" basin ; " on the outside we have encircling rings of Mountain Limestone 
(600 feet thick) and Millstone Grit (500 feet) which form high ridges, 
and in the centre the Coal-measures form poor, sandy, and peat-covered soil, 
on which, nevertheless, some of the finest oaks and beech trees which England 
has ever produced have grown. The Coal-measures are 2,765 feet in thickness, 
and contain 15 seams of coal, of which only 8 are of a thickness of 2 feet and 
upwards : the area of the coal-field is about 34 square miles : the amount of 
coal raised in 1879 was 779,428 tons from 55 collieries ; of ironstone (brown 
hematite) 58,000 tons were obtained. In one seam, the Coleford High Delf, 
there is a fine illustration of what colliers call a " Horse," where the coal has 
been swept away and replaced by sandstone ; it can be traced for over two 
miles, and varies in breadth from 1 70 to 340 yards : these " Horses " evidently 
mark old river channels which were cut through the mass of vegetable 
matter, then in a comparatively soft state, which has since been compressed 
and hardened into coal. 

Coal beneath the Severn. — The two coal-fields we have described are con- 
nected by a third, which lies between them. The railway cuttings near 
Almondsbury and the borings in the bed of the river at English Stones and 
other points, show that Coal-measures exist beneath the Severn and the 
adjoining low lands, from Denny Island up as far as Berkeley: from the 
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disturbed state of the beds, however, and the difficulty of access to them, it is 
not likely that this area will admit of profitable working. 

The Permian Formation. — Only a very small area is occupied by the 
Permians in this county : they are seen as breccias, resting on the southern 
flank of the Malvems, north of Bromesberrow ; and the Rev. W. S. Symonds 
has detected them on the east side of May Hill. 

The Trias. — The Bunter Sandstone is seen at Bromesberrow to rest uncon- 
formably on the Permian breccias : further south this stratum has thinned 
out altogether, and the Keuper Beds are seen to rest directly upon Carboni- 
ferous and Devonian strata : in the Bristol district, a deposit called the 
Dolomitic Conglomerate forms the base of the Keuper series : it is usually 
under 30 feet in thickness, and is composed of rounded and angular pebbles of 
Carboniferous Limestone, cemented together by carbonates of lime and 
magnesia: it appears to have been formed as a pebble-beach fringing the 
land, whilst the Keuper marls and sandstones were being deposited further 
out at sea: at the Yate Rocks, near Chipping Sodbury, it is of a yellow tint ; 
it forms irregular patches south of Durdham Down, and round Henbury, 
Thombury,and on the opposite side of the Severn west of Tidenham : near 
Durdham Down, bones of two species of saurians were found in this bed in 
1836, and were described by Dr. Riley and Mr. Stuchbury ; they referred 
them to the genera Palaosaurus and Thecodontosaurus ; Professor Huxley 
states that they both belong to the Dinomuria. 

The New Bed or Keuper Marls are of a red tint, with many streaks or 

? Itches of a bluish-green : they form low ground, and nm from Bristol to 
ytherington, and then further north form part of the vale of the Severn, 
between Gloucester and the Malvern Hills : here they dip steadily to the east 
at a low angle ; their thickness at Bristol is 300 feet, but north of Gloucester 
it is perhaps double this amount : they form a rich loamy soil ; veins of 
gypsum are common, and the mineral celestine is abundant in the Bristol 
district : fossils are scarce or absent ; and, as elsewhere, these Triassic Beds 
appear to have been deposited in salt-lakes of great extent. 

The Rn-fiTic or Penarth Beds. — These are very thin, usually under 50 
feet in thickness ; but from the number and nature of their fossils, they are 
of high interest to the geologist : they form a considerable spread of land 
round Patchway station, and can be traced as a very narrow band running due 
north from the Avon to Tites Point, and thence north-east along the Severn to 
Tewkesbury : the sections at Garden Point, Frethem, Aust Cliff, and other 
points along the Severn are well known : the Rhsetics usually consist of 15 to 
20 feet of buff marls at the base, then 10 feet of black and light-coloured 
shales, with one or more " bonebeds," and lastly the white earthy limestones 
(10 to 15 feet) called White Lias: at Cotham we fine the well-known Land- 
scape stane^ a thin bed of hard limestone, whose beautiful markings are due to 
the infiltration of oxide of manganese : the shells Avicula contorta and 
Cardium Bhaticum, are everywhere common ; but these Rhaetic Beds will 
well repay the local collector for his most assiduous attention. 

The Lias. — Stiff brown and blue clays of liassic age enter Gloucestershire 
near Stratford-on-Avon, where they attain a thickness of 500 feet and extend 
in a south-westerly direction by Cheltenham and Gloucester, here forming the 
eastern part of the vale of the Severn, and passing on by Dursley and Wickwar 
to Bitton ; there are also two large liassic outliers north of Bristol, one 
round Horfield and Filton, and the other round Alveston, besides small ones 
further north : at the base of the lias several bands of limestone are inter- 
stratified with bluish shales, and these are worked near Tewkesbury and else- 
where : the Lower Lias forms rich pasture land, furnishing material for the 
famous " double Gloucester " cheese. 

The Middle Lias or Marlstone runs along the slope of the Cotteswold Hills, 
thickening as we follow it northwards from a few feet near Bitton to 120 feet 
at Leckhampton. The Upper Lias Shales which come next behave in a similar 
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maimer, but kn u moch aa TfX> feet thick at Cleeve Cloud : Ibej contaia 
nodulAT lajen of timestone which butt jie1d«l fine fossil fishes. The Lias 
eenemllj is rich in [oggits, but the yarious Ammimilet which characteriBO 
different Eones or lerels. aud the gigantic bones of extinct saurtaDs, are 
eapeciallj noteworthy. Like the Red Marls beaeath. the Liaasic strata dip 
MatwanUf Dsn&lly at from 2 to 5 degrees only, so that in small sections they 
appear quite horizotttal. 

Thi Ooi.nvi. — TlieMidfardSaiidii&re passage beds well seen at Frocester 
Hill, Xailaworth, Wotton-^mdcr-Edge, &c. 1 their thickness is rer; t'ariable, 
bnt never above 150 feet. The Inferior Ooli/e lies upon the above-named 
BtratA : it is 364 feet thick at Leckhamptoa, but thins both to the sooth and 
east : it yields aJ> excellent building-stone and is largely quarried at GuitiDg, 
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mntyarllaliu, Middle Uai; 



Staawaj Hill, Cleere Cloud, Leckbnmpton Hill, Pninswick Hill, &c. The 
Fuller's Earth is a blue and yellow clay, 128 feet thick at Wotlon-under-Edge, 
70 feet at Stroud, and absent altogether in the eitreme north-east of 
the county: it was formerly worked for cleansing woollen cloth, but 
ita nse for this purpose has now almost gone out. The Grtal Oolite is 
another excellent building-stone, much worked at Miarhinhampton : above it, 
between Cirencester and North Leach, we find the Fomt Jlarwe 40 feet (hick 
and composed of shelly limestones and thin beds of clay; then comes a thin 
rubbly limestone — the Combrath — and lastly, oceupyinga email area south of 
Fairford and Cirencester, (he Oxford C'Uiy. Almost every stratum of the 
Oolites is fossiliferoos, and the corals, sea-urchins, shells. &c., show the beds 
(o have been deposited in a moderately deep sea studded with islands, and 
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hoy sir 
rale of tho Severn, and abutted on the MatvernK. and Welsh Hillti, 

Rbcuit Deposits. — The existence of glacisl doposits in Gluucesterahire is 
Btill rather a doubtful point : pcbhlos of qunrlzito, ^rit, horiiBtOne. tm., are 
freelj scattered over tho Burfaceiind are tenned "' Northern Drift: " doubtless 
they came from the north, but their camase by Klaciors or icebergs caonot be 
said to hare been dettnitelj proved: lieds of gravel and sand contninjog 
marine sheila oocur at eleTations which show a submeiyenpe of the districl to 
the depth of at teaet 500 feet since the glacial period, and then doubtless the 




sea swept between tho Cotteswold* and the Malvems, forminfi tho Straits of 
Malvern : of still later date are the alluvial deposits of the Severn, the muds 
and gravels which form flat meadows bonicring the caistinB stream. 

PmutsTORic Man. -Ot tho stone tools used lij the onrly iolipbitants of 
this country before they discovered the art of smeltin)? metallic ores, wo havo 
instances of celts, or aie-heade made of flint, found at Cherbury Camp, 
Pusey, Faringdon, and among tho relics found at tho Roman villa at 
Great Witcombe was a British hatchet ot flint, another made of green- 
stone was found near Cironcesler : a hammer stone of qoartzit* is recorded 
from Whittington Wood, and flint flakes or knives from Oaklef Park, 
Rodmarton, and Micheldean ; at the latter phicc and at Turk Dean arrow- 
heads of the same material havo been found. 
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South of England Literary and Philosophical Society; Southampton. 

Museums. 

Museum in Haslar Hospital, Gosport. 
Museum of the Hartley Institute, Southampton. 
Winchester Museum. 
Alton Museum. 

Publications of the Geological Survey. 

Afa^.- -Sheets : 8, Famham, Guildford, Dorking; 9, Chichester, Midhurst, 
Horsham; ii Winchester, Southampton, Portsmouth, Petersfieid ; 12, And- 
over, Basingstoke, Odiham; 14, 3larl]>orough, Amesburj', Westhury; 15, 
Salisbury, Ringwootl ; 16, Hurst Castle to Lulworth. 

Books. — The Geology of Parts of Berkshire and Hampshire, by Bristow and 
Whitaker, 3s. Geology of the London Basin, hy W. Whitaker, 13s. Geo- 
logy of the Weald, 1>y W. Topley, 28s. 

Important Works or Papers on Local Geology. 

List, by Mr. Whitaker, of 315 works on tiie Hampshire Basin, in Proceed- 
ings of Winchester and Hants Scientific and Literary Society, 1873. 

1866. Nicolls, Lt.-Col. W. T.--Sarsen Stones near Southampton. Geol. Mag. 

vol. iii. p. 296. 

1867. Wise, J. R. — The New Forest. 2nd Ed., I^nd. 

1870. Codrington, T. — Superficial Deposits of South Hants. Journ. Geol. Soc., 

vol. xxvi. p. 528. 
1872. Prestwich, Prof. J. — Raised Beach on Portsdown Hill. Journ. Geol. 

Soc., vol. xxviii. p. 38. 
1872. Evans C. — Geology of Portsmouth. Proc. GeoL Assoc., vol. ii. pp. 61 

149. 
1876. Seeley, Prof. H. G. -A Zeuglodon f rom Barton ClifF. Journ. Geol. Soc.. 

vol. xxxii. p. 428. 

1879. Gardner, J. S. -Bournemouth Beds. Journ. Geol. Soc., vol. xrxv. p. 209 

1880. Judd, Prof. J. W. — Oligocene Strata of Hampshire Basin; Journ 

Geol. Soc., vol. xTxvi. p. 137. 

See also General Lists, p. xxv. 



In the Proceedings of the Winchester and Hampshire Scientific ard 
Literary Society for 1873 we have a list (compiled by Mr. W. Whitakei, 
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F.G.S.) i)f JIS pnjiBrs, l)W)k», &p,, whitli rDlntB \n tliu geology of l.liiii poiinty 
nnd ilH imniodiiiti) nuishliourliiMid. Fi)reniuHt iinioiig thesu axe the excellent 
uuluuFBil iiuipH uf tho Ourernmtint tisulugiuil Surrtiy. sliowing tho einci poiii- 
tiun of tJiu vnriiiiu Dlmtii, un tho kchU (S onu inch to n mile Mr. Whitakei^H 
own "Memuir on the Ouolugy uf thu liUiKlon Kniiin" duHTilien minutely Ihe 
north luul mirth-eiutt uf Hnnto, unit tlie eiwtijni ilistriot ruuiHl I'etersficlit 
is (loKcrilieil in the " Memiiir on the WwtUleii Diatricl," hy Mr. W. Topley. 

In tlie Journal of the Qeulogicitl HiKiiety them are vnluable [inperK hy 
Sir UiuvrleB Lvull, Pnifesnum Owen luid I*reHtwieh, MtiNHni. (iliirliM, Codringlun, 
Meyer. W,j,><I»iir.l. «.\\A irt.hern: Mr. 0»leh Erani. lm« »«ll .leHcrihecf the 
ueiiihlH inrh I locl of Portsmouth in the frocuilingH of the tleolugists' Aiwocin- 

TJiu genenii iirningumunt of tile IhhIh of riH-lc which form HiiniM is nut ililfl- 
I'ult to nnderMlmid. The clinlk furmn ii ureiit foUl or rnrve. or roll, iH'cupyiiif! 
II hir^u trni't in tlie I'Hntre of the «>unty, nml ilippiiiK nr inclininii; Inith Cu tlie 
north iiziil 1o the Huuth. In hoth these directionH it is overliiid by mucli 
newer HtrntH BBiids iind clnys of Tertisry age those on the north forming 
piirt uf whiit ix citlleil tlie uindcin HiHin, iinil tlioNi on the south the HHm]>- 
Hhire Hiixiri. ] n t iie eaHt of tlie county, however, the uimlk hnH bean so worn 
itwHy by iJie VHrionn ngente of denudnlion min iiwl rivers, frost, ice, nml 
Know, the sen, tie. ns ti uxjiose uertnin rocks which lie lienenth it, nnd which 
nre lliuruforu the oUlcKt tlmt <K^'ur in (he county. I'liesv olil rocks form Oiu 
terminiition of ii I'onNiilenihle tmct wiIIihI (Iib Wcnlden, which stretches 
thniufth Kent nncl Sussex (o the siii. 

Wu hIihII now <lesi'ril>e the stmin in succexsiun. iiininiviH-inguith the lowest 
or Brst-formisl. 

NnocimiAii OK JiiiwBK Ckbta<-bous KoKJiAtros. Four sulHliviaionshiive been 
Imceil In the hwls of this itge hy the oWi'ers of the Ueologieii] l^urvey : the 
lowest of these, cnlleit AthnfirUl Clai/, just tuuches the county IwiimbiryiLlong 
the milwiiy unst of Bmmshot and suulh uf Hinil Heiut. Next nre the Hytlu 
J!Ms. i>ompi)fie<l uf sandnlimes nnil llmeHiones aliimt 300 feet thick ; these nimi 
the high ndge uxteniling by Hind lleail, (Ireyshut l>own, Brumshot, nnd Buke . 
Common: they dlu lo the west iin<l nre ovcrlnid by the ^nrf^ffi iteAi, com- 
posed of snndH nml clays nlsmt 60 feet in thickness ; these iK'eupy low gruut^l 
nlsmt hiilf-e-mile in width, nisi extending from I'ulersfleli] lu two miles nurth 
uf Hundley. Iieyowl which l"iint they cnnnot lie Imced ; they nre exposed in 
the mitwiiy cultin|t north of ]inkc. In the cutting nt I'eteriilteld we see the 
fbUm/ow JWs ovurljing the Inst-nnnieil dtrntH; they nre siindy, with a Ih«I 
of course grit, coloured red by iron nnd known ns cnrstonr : the thickness of 
Ijtis UhI diviHiim is almut 100 feet ; it can he traced from Fmnshnni Common 
thnnigh WiHiImer Purest ntsl Hreiilluim lu the west of I'eU'rstleld, wllence it 

The above siratn nre rullectively 
known iiK the Limtr (trmuaml ; their 

imlinite their deiaisition in a sea of 
niodenite depth, kconomicnily they nre 

is iTseil for i»irenii'ntH iirurimihlinit wiills- 
In his "IliHliiry of SellHtme," Gilbert 
While writes : " Krom n notion of ren- 
dering their work the more elefinnt and 
giving it II Hnish. mnsuns chi|) this 
{Ww.lnmr Ii'iirest) cnrslune into smitll 
fragments, about the size of the hund of n 
large nnil ; iiml then stick (lie pie 
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to Hak rut pleHiHintlj 'whether we fisteneil itur nulls together nitli tenpennj 

Thk Ufpkk Chktaceol-h Fokjutiok. The first Ktmtuiii of this ilivLsiun U 
a»lle<lthe Gaul/; this lb « stiff blue clny Hbout IQO feet tliiL-k, whieli lit 
Tortid for lirick-mshing in Br.me pits hHlf-«-mil.> south uf Petersfleld, hbcI 



Tlu Upper GreenaUHd. This nitk \a not true tcj it^ rwrne ill this neighl.uui^ 
hoot; it in here calcnreoUK nntl of h vhitish hue. rexeinblin^ imienlthe liiwer 
liedsof the Chalk: it Bitemis fnim BinBtewl. throu|[h SellH.me. Id Buriton 
and E^t Mboh. The lied h Hre veil eipoHed in i|UHmi!BHDildvtiiruHd cuttings, 
and the MhIid rock (a hnni xaiMlHtoae) fcinnii a well-markeil cliff 30 c>r 40 feel 
io heijtht. Of fcmsila. Ptdem aiwl XaHtUi are most wmmiin ; there jx a gmxl 
collBftion (made'liy Mr. W. Curlia) in the museum at Altuii. 

Id the Durth uf Hants there is an «i|fiRiure of tile U[i[ier Greensand at 
KingBolere and Biirghclere. running eact aiKJ wet^t for al"iut S miles ; thin 
outcrop is geologicnlly termed an mlier. as it is hurroumleil Ijy higher strata 
(chalk), by whose denudation it lias been eiposed to riew. A similar inlier 
oecure further west at Shallioume. whieh. however, Imrely enters Hampshire. 
These two iDlieni owe their eipiiHure to a line of elerat'ion running east and 
west ; the beds curre over, dipping on one side to the north anil on the other 



t Hartley, between 
rhile the ganlt (onus 



The Chalk.-Thia is a soft, while, eartliy limestone, perhaps the most 
widely known of all the British rocks. It formsthr centre uf Hants, stretch- 
ing from Inkpen Beacon, Kingsclere, ami Odibani on the north lo Landfonl, 
ilarsley.and Hambleiloa on the south, a distanee uf a1a>ut 22 miles. The mass 
uf chalk here exposed and eitemling westwards into Wilts, is the largest 
eipinse of this roct in the British Islamls ; from il the North aiid South Downs 
run eBstwards.Bnd the Berkshire Downs and Chillem Hills north-east. 

Forming the liase of the chalk we tinil a stratum t or 3 feel thick, 
ealled the Chloritir Marl, because it is speekled with gmvu grains : it contains 
a band of (so-ealled) coprulites, which, when gniiuMi up and chemically pre- 
pared, form a raliuilile manure. This bed extends from Alton lo Seltjome 
and thence to East Froyle, wiiere it has lieen largely worked. Abore this 
comes the Ciaii Marl, 40 or 50 feet thick, which issiiiiply chalk with a slight 
admixture of clay ; next we gel the cluitt mfhout fiinff 400 ur 500 feet thick. 
and lastly the chalk vUhfimU, about 30O feet thick. All these chalky strata 
lie in the form of a great arch ; on the north they dip sharply to the north. 
then about Andover they lie horizontally, but following them southwards we 
soon find them inclining in that direction, and they pass down underneath 
newer rocks, 1>eneath the Solent, rising up again in t helnle of Wight. In the 
isolated chalk ridge called Portsdown, we have a repetltiun of this arch on a 
■mailer scale. 
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Outliers op Eocene Age. - At Horsdon Common, Conholt, Windmill Hill, 
East Stratton, and two or three other places, detached patehes of the Woolwich 
and Beading Beds occur, resting on the exposed tract of chalk which now 
separates the Tertiary rocks of the London and Hampshire Basins. These 
outliers are but the remnants of beds, certainly some hundreds of feet in 
thickness, which have been denuded by the combined agencies of the weather 
and the sea. 

Pleistocene or Post-Tertiary Deposits. — Hampshire has none of the 
Boulder clay, or erratic blocks, which in coimties north of the Thames tell of 
the passage of glaciers or icebergs over the surface. But the thick gravel 
beds, with which the hills are often capped and the plateaux covered, are 
perhaps of quite as early a date. These occur on ground east of Southampton, 
420 feet high, and also cover the New Forest at a considerable altitude ; on 
Portsdown Hill, at a height of 300 feet, we get an old sea-beach. These facts 
indicate a considerable elevation of the south of the county since the time of 
formation of these gravel beds at or a little below the sea-level. The chalk 
of the western part of Hants, bordering Wiltshire, is thickly strewn with 
blocks of a coarse sandstone, the well-known " grey-wethers," or sarsen-stones : 
these are probably the remains of a bed of sandstone forming part of the 
Bagshot Series, which formerly extended far in this direction. In the 
" Geological Magazine" for 1866 (vol. iii. p. 296), there is an account, by Col. 
Nicolls, of some large sarsen-stones found in the neighbourhood of South- 
ampton, and preserved in the court-yard of the Hartley Institute. At some 
points, as at Upton Grey, there is much " clay with flints " lying on the chalk, 
representing indeed its insoluble residue, and formed from it : where this 
occurs the oak grows well, while on a chalky subsoil we seldom see this tree. 
Lastly, we get deposits of gravel on the sides and at the bottom of the 
existing valleys, formed and still forming by the rivers which have scooped 
out these valleys. 

Prehistoric Man. — In gravel beds on Southampton Common and near 
Bournemouth, occurring at heights of 120 to 160 feet above the sea, and far 
above the level of the neighbouring streams, flint implements have been dis- 
covered by Messrs. Read, Jas. Brown, Stevens, Dr. Blackmore, and others, 
most of which are now in the Blackmore Museum at Salisbury : they are roughly 
chipped oval or pointed lumps of flint, and belong to the Paleolithic or Older 
Stone Period : the men who used them were quite ignorant of the use of metals. 
Other flint tools of lighter and more elegant form, such as arrow-heads, celts 
or axe-heads, and flakes or knives, have been found at Homdean, St. Mary 
Bourne, Portsmouth, Andover, Bishopstow, &c. : these mostly occur on or near 
the surface, and are usually rubbed or polished : they are assigned to the 
Neolithic or Newer Stone Period. 
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Natural History and Scientific Societies. 

Isle of Wight Philosophical and Scientific Society. 

Museum. 
Ryde Museum. 

Publications op the Geological Survey. 

Map. Sheet lo (price 4.S.). 

Books. —The Tertiary Fluvio-Marine Formation of the Isle of Wight, by 
K. F'orbes, 5s. ; The Geology of the Isle of Wight, by H. W. Bristow, 6s. 

Important Works or Papers on Local Geology. 

1851. Mantell, Dr. G. A. Geological Excursions round the Isle of Wight. 

2nd VA\i. London. 
1859. Wilkins, Dr. Fl P. - Geology of the Isle of Wight (with a relief map). 

8vo. 
1862. Fisher, Rev. 0. - Brack lesham-Beds. Joiim. Geol. Soc., vol. xviii. 

p. 65. 
1865. Whitaker, W. Chalk of the Isle of Wight. Journ. Geol. Soc., 

vol. xxi. p. 400. 

1867. Mitchell, W. S. Alum Bay Leaf-Bed. Report Brit. Assoc, p. 146. 

1868. Codrington, T. Strata in WhitecliflF Bay. Journ. Geol. Soc., vol. xxiv. 

p. 519. 

1870. Codrington, T. - Superficial Deposits of the Isle of Wight. Journ. Geol. 

Soc., vol. xxvi. p. 528. 

1871. Browne, A. J. Valley of the Yar. Geol. Mag., vol. viii. p. 561. 

1880. Judd, Prof. J. W. - Oligocene Strata of the Hampshire Basin. Journ. 

Geol. Soc., vol. xxxvi. p. 137. 

1881. Keeping, H., andTawney,E. B. Beds at Headon Hill and Colwell Bay. 

Journ. Geol. Soc. vol. xxxvii. p. 85. 

See also General Lists, p. xxv. 



The rocks of the Isle of Wight offer to the student an epitome of the geology 
of the south-east of England. In the splendid sections exposed along the line 
of coast we are enabled to examine the strata, and trace their relations to each 
other in a manner which is impossible in inland districts, while the beauty of 
the scenery, originated by and dependent upon the arrangement of the rock- 
masses, lends an additional charm to the investigation. 

Such a region would be likely to attract, and has attracted, much attention 
from geologists. In the map of the Island (Sheet 10), constructed by the 
officers of tne Geological Survey, we have an exact representation of the posi- 
tion at the surface occupied by each formation, while the horizontal (Sheet 47) 
and vertical (Sheet 25) sections also published by the Survey, show the lie of 
the beds, their thickness, &c., with the greatest accuracy ; descriptive of this 
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map and the sections we have an excellent memoir by Mr. Bristow, published 
in 1862 ; Professor E. Forbes in 1856 well explained the structure of the 
northern half of the island in his memoir on " The Tertiary Fluvio-marine 
Formation of the Isle of Wight." 

Of earlier workers we must note Mr. Thomas Webster, who wrote some 
good descriptions of the strata in Sir H. C. Englefield's " Description of the 
Isle of Wight," published in 1816. 

Dr. Mantell's book, " Geological Excursions round the Isle of Wight" (2nd 
EJdition, 185 1), has numerous plates of fossils and is well known, whilst Mr. 
E. P. Wilkins has also written a capital general account of the geology of the 
Island. 

In the volumes of the Palaeontographical Society the shells which occur in 
the Tertiary beds have been admirably figured and described by Messrs. 
Edwards and Searles Wood, and the reptiles of the Wealden Formation by 
Professor Owen ; while Mr. J. S. Gardner has undertaken the description of 
the Eocene plant remains. In the earlier publications of the Geological 
Society of London, many valuable papers on special points have appeared by 
Dr. Fitton, Sir Charles Lyell, Professor Owen, Messrs. F. W. Simms, J. S. 
Bowerbank, and S. P. Pratt, while Professor Prestwich aided greatly in clearing 
up the relations of the Tertiary strata to each other. Of later date, in the 
" Quarterly Journal " oif the Geological Society, we have Professor Judd's 
paper on the Punfield Beds (vol. xxvii. 187 1), Mr. W. Whitaker on the chalk 
(vol. xxi. 1865), Mr. Codrington on the gravels (vol. xxvi. 1870), and Mr. J. W. 
Hulke on tlie great reptilian bones so diligently collected by the Rev. W. 
Fox. Quite recently Professor Judd has put forth a fresh classification of some 
of the newer strata, but his views have been opposed by Messrs. H. Keeping, 
Tawney and others, and the question is still under discussion. 

The dweller in London can see specimens of almost all the rocks and 
fossils which occur in the Isle of Wight, arranged in the Geological Museum 
in Jermyn street ; here too he can examine the beautiful models of the island 
constructed by the late Captain Ibbetson, which afford not only a faithful 
representation of the topography, but express the geological structure in the 
most accurate manner. New and excellent maps of the Isle of Wight on the 
scales of 6 inches and 25 inches to the mile have lately been published by the 
Ordnance Survey. 

In explaining the position and nature of the strata it seems the simpler 
plan to commence with those which are the oldest or first formed. These will 
Imj found underlying all the others, and from them we can ascend gradually, 
passing over rocks some thousands of feet in thickness, until finally we arrive 
at such deposits as the river-gravels or shingle-beaches Mhich are now in course 
of formation. 

Neocomian (or Lower Cretaceous) Formation. —The Wealu Clav. — The 
beds called by this name are exposed on the south-west side of the island 
along the coast between Compton Bay and Atherfield, and they appear at the 
surface as far inland as Mottestone and Brixton ; on the east coast they are 
again seen over a small area round Sandown ; altogether they perhaps form 
five square miles of the surface. These two areas of exposed Wealden strata 
are of course connected, and the beds run uninterruptedly across the Island, 
but over all the central part they are covered over and concealed by newer 
beds ; a boring made at Godshill, Arreton, Kingston, &c., would pierce these 
later-formed rocks and enter the Wealden strata at a depth of a few hundred 
feet. 

The lowest Wealden strata are seen on the shore at Brook Point ; here at 
the base is a thick bed of pale sandstone, above which come red and green 
marls ; these dip or incline on one side to the north, and on the other to the 
south and east, marking in fact that bending or arching of rock-beds which 
geologists call an anticlinal curve. In the variegated marls on the shore there 
occur numerous fragments of the trunks of pine-trees, forming what has been 
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culled the '* Pime raft^ ; the stems are of a black colour and hare l*een com- 
pletelv mineraliied. yet the woody strocture. the l«rk,aiid the rings of annual 
growtli can still be traced ; thin slices examined under the microscope show 
the dotted vesseb characteristic of pine-trees. No roots are found, and it is 
not proliable that these trees grew where we now find them : they were pro- 
bably swept here by the current of a mi^ty rirer. just as thousands of similar 
treed are now carried down by the Mississippi and other lai^ rivers until on 
reachii^ the estuary they becmne water-logged and sink to W buried under- 
neath the sand, mud, 6:c.. which go to form the delta. Iron pyrites is n 
common mineral at Brook Point, its yellow cnrstals fillii^ up cracks in the 
tree-trunks, some of which are 2 or 3 feet in diameter and 20 feet in 
length. 

Walking southwards along the shore past Chilton Chine and Grange Chine 
we note a continuance of the variegated marls, clays and sandstones, and 
also see the inconstant character of the different layers, the sandstone l>eds 
trspecially thinning out and disappearing altogether in very short distances. 
The thickness of the true Wealden lieds exposed here is alK>ut 300 feet, which 
is of course not the total thickness inasmuch as the l^ise is not seen. Mr. 
Bristow l«elieves them all to represent the " Weald Clay " of Sussex. In the 
8andown neighlKHirhood similar l»eds can be seen at low tide on the shore, and 
the trunks of pine-trees occur there also. The foasils of the Wealden Beds 
are of fresh-water species, and include the minute crustaceans called Cy^tridf* ; 
t>hells. as Umio Valdeniis and Palmdima Smtnejrtniiif : ticales and teeth of a fish. 
Ltpitiiflfms : anL most remarkable of all. great l«ones of extinct reptiles. Of 
<»ne of these, the fytiaModom, Mr. Beckles has found the fo<.»tprints on a l*ed of 
sandstone on the shore west of Brook Point, and at Brook Chine. Sandown. 
and several other localities, the Rev. W. Fox has found l<»nes l»olh of the 
fymaM^4m, the Pl*!fi<vaMrms, and a reptile new to science — the HypfilopAod^m. 
Thus in these deposits of Wealden age we have evidence of a mighty river 
which flowed from west to east, draining a continent which stretched far into 
the Atlantic: the strata formed in its estuary now extend from the Vale of 
Wardour in Wiltshire to the Boulonnais in France, a distance of 200 miles, 
and from the Isle of Wight to Quaint on in Bucks. al<»ut 100 miles : the delta 
*»f the Ganges affords us at the present day an instance of a tract of land 
simikir in origin and of al*out the same area. 

The PttM^eM Series. These were so named bv Profe>«or Judd fri>m their 
*iccurrence in Punfield Cove on the north side of Swanage Bay in Dorsetshire : 
in the Isle of Wight they consist of grey shales with some l»eds of limestone 
and sandst<Hie, altogether al«out 200 feet thick. They are seen at Brixton 
Bay. Atherfield Point, and Sandown Bay to overlie the Wealden Beds proper. 
They ctwtain lH>th freshwater and marine fossils and show the coming iw of 
an open sea. the old delta sinking and the coast line of that period slowly 
receding westwards. Fibrous carltonate of lime, commonly called " l^eef," is 
common in the limestone l«ands. which are n>ed locally for rough paving and 
which are sometimes quite made up of small oysters : in Comptcm Bay the 
Punfield series have a high northerly dip and are traversed by several small 
feults : they are also well seen at Cowleaze Chine and Barnes High : the sandy 
!»eds at the latter place have yielded many reptilian Itones to the local 
geologists. 

Thb Lowek GBEE!(SAxn.- The strata known by this name are aK>ut 900 
feet in thickness ; they are of marine origin, and show a Ci>ntinuance of that 
depression of the earth's surface in this district which we have just allude<l 
to. At the junction with the Punfield Series is a stratum al«out 2 feet thick, 
full of a large bivalve shell called Pema MmJlefi ; next come 60 feet of clayey 
strata called the Atherfield Clatf, l>ecause it is well exposed at the place st> 
naiiMd ; then come alternations of sandy clays and ci^ncretionary sands callet! 
the ** Crackers " from the noise the sea makes in breaking over the ledges of 
this rock which, near Atherfield Point, stretch far out into the sea : thev 
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contain numerouM remains of cruHtaceanH (Astactuf), for which reason two 
layers are known as the " lobster beds ; " above these come 400 feet of sandy 
clays with the shells Terebratula, sella, &c., and the uppermost beds are fer- 
ruginous sands about 250 feet thick, in which fossils are scarce : these upper 
sands were formerly worked for glass-house purposes at Rocken End. The 
Lower Greensand is well exposed on the coast from Atherfield Point by Whale 
Chine, Walpen Chine, and Blackgang Chine to Rocken End ; it stretches across 
the Island from Arreton and Shorwell on the north by Newchurch, Godshill, 
and Kingston to 8hanklin and Chale on tlie south, extending westwards in a 
narrow outcrop, past Brook Church to Compton Bay ; it is the " iron sand " of 
Webster, and the "8hanklin sand '* of the natives ; it also forms the basis of 
the " UnderdiflF." At Blackgang Chine a clialybeate spring issues from a 
bed of soft sandstone, 130 feet above the sea. In his memoir Mr. Bristow 
gives a list of 137 species of fossils from the Lower Greensand of the Isle of 
Wight, 1 1 1 of which were shells. 

Tub Crbtaoeouh Formation. The lowest division of the great series which 
takes its name from its most characteristic member, the chalk (Latin creta, 
chalk), is called the Gault : this is a bed of blue clay, sometimes sandy, and 
with minute spangles of mica ; its thickness here is 100 feet ; it is known in 
the Island as the "blue slipper," fnmi the tendency of the overlying strata to 
slip or slide over its surface. "The beautiful and romantic scenery of the 
llndercliff or ' Back ' of the Island has been mainly pnKluced by the foundering 
of the superincumbent strata over the Gault clay, when the latter has been 
rendered unctuous by the water which (after percolating througli the overlving 
beds) furnishes the land springs which break forth at its surface." It is these 
springs, too, which cut narrow ravines or gullies, locally termed "chines," in 
their short and raf)id passage to the sea. The Gault can be traced from 
Compton Bay curving round to (lat combe, and thence just north of Yaverland 
to the sea; along this line it dips to the north. Crossing the broad valley 
excavated in the Lower Greensand we again find the Gault as a narrow band 
with an outcrop about 300 yards wide encircling the southern range of Downs, 
but here it dips to the sout h : evidently these northern and southern outcrops 
were (mce connected, and of the mass which once stretched right across, we 
have a fragment left in the outlier at Gossard Hill. The Gault clay is recog- 
nisable by the damp and rush-grown nature of its soil, which is everywhere 
in pasture. Fossils are few, but in the gully west of the hotel at the top of 
Blackgang Chine, such shells as Inoceramun sulcatus and /. concefUriciui have 
been found. 

7^ke Upper Greenmvd. This division is composed of sandstone and sandy 
beds c(mtaining chert (an impure variety of flint), a])out 150 feet in thickness : 
it is also known as the Firestone and Malm Rock. We can trace itasa narrow 
band from Compton Bay running eastwards along the southern foot of the 
chalk hills, to the cliffs in Sandown Bay beneath Bembridge Down; then on 
the south side of the Island the Upper Greensand forms the long lower slopes 
of the Downs between Chale, Niton, and Shanklin, having too an outcrop half- 
a-mile ])road for some distance north and south of Gatcombe ; it is finely 
exposed in theclifrs on the right-hand side of the road in going from Ventnor 
to Blackgang. On Shanklin Down the higher beds are quarried for Imilding- 
stone ; when first raised the stone is soft and easily worked, but it rapidly 
hardens when exposed to the atmosphere. Most of the old churches on the 
south side of the Island are built of this material : the chert furnishes an 
excellent stone for road-mending, being much tougher than the chalk fiints. 
Fossils are not numerous, but the branching arms and stems of a sponge 
(Sipkonia) are frequent on the surfaces of the sandstone beds ; the shells, such 
as Nautilus Fittoni, TVigonia caudata, &c., are all of marine species. 

The Chalk. -The base of this formation is marked hj a bed of yellowish 
marl 5 feet thick, called the Chloritic Marl from the presence of dark green 
grains of the mineral qlauconite ; it contains many fossils, as Scaphites 
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Ammonites varians, &<?., with many rounded phosphatie nodules called co- 
prolites. 

The chalk of the Isle of Wight has been minutely studied by the well- 
known French geologist, Dr. Charles Barrois, and the following table, showing 
the thickness of the sub-divisions and their characteristic fossils, is taken from 
his valuable work. 



Feet 



Zone of Belemnitella 265 
Micraster cor- 



Chalk-with-flint8 / anguinum S2SV,,o20 

\ .. Micraster cor- f ' 

testudinarium 165 

„ Holaster planus 65 

Chalk Rock, 8 or 10 inches. 

I Zone of Terebraiulina ] 

Chalk-without-flints ) ^«Vi^ 65 [ 

J ,. Inoceramus lama- 1 ^-^ 

( tus 130) 

Chalk Marl — Turrilites, and Scapkites otqualis 115 

Chloritic Marl Zone of Ammmntes laticlavius 6 

Total thickness i»336 

TT^ Chalk-Marl is of a greyish tint ; it is dug for lime-burning and some- 
times for building-stone : there is a large quarry at the west end of Brixton 
Down, and the interior of Brixton church is partly built of this stone. Stems 
of a plant Clatkraria Lyellii are found in it. 

The common White Chalk which succeeds is a pure earthy limestone, which 
is divisible into a lower portion - without flints -and an upper, in which black 
nodules of that substance are seen at intervals of a few feet, forming lines 
parallel to the planes of bedding of the rock. These two divisions are 
separated by the bed which Mr. Whitaker has called the chalk-rock ; this is a 
hard, cream-coloured band of limestone al)out a foot thick ; it often has a layer 
of green-coated nodules on top, with lumps of iron pyrites : it is seen in a 
chalk-pit on the south-east comer of Shalcombe Down, in pits on the south 
side of Mottestone Down, in the quarry east of Carisbrooke Castle, in a dis- 
used pit on the western end of Arreton Down, and in the pits alK>ut a mile 
south-west of Brading Church. 

The White Chalk forms the ridge of hills which stretches east and west 
right across the Island, from Culver Cliff to the Needles, isolated masses of 
rock standiog in the sea and marking the former extension of the chalk, which 
once was continuous with that of Dorsetshire. At the extremities of the ridge 
the chalk is seen to dip very steeply, almost' vertically where in contact with 
the Tertiary Beds, to the north, so that the outcrop is very narrow, from a 
quarter (Afton Down) to half a mile wide, but going inland the dip decreases 
and the outcrop widens to three miles between Mottestone and Carisbrooke. The 
hills on the south side of the Island, called St. Catherine's Down (830 feet above 
the sea) and Shanklin Down, are outliers of chalk having a slight southerly 
dip ; these hills were once continuous with the main central ridge, but in the 
course of long ages the beds forming the top of the arch or curve which 
connected them have been worn away by the agencies of the weather and by 
the sea. The sea-cliffs formed by the chalk are striking objects from their 
whiteness and verticality : the latter is due to the joints or cracks by which 
the rock is traversed, and by which it is divided into a series of more or less 
regular blocks ; the sea attacks and wears away the base of the cliffs, and then 
the upper portion falls down : the hard flint nodules are used by the waves as 
missiles, which they hurl with great force against the face of the rock, thus 
making it to aid in its own destruction. 
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The chalk hills, or downs, as they are called, ore easily diatiogoished by tbe 
bold, rounded outline which tbey present : scantily furnished with soil, they 
»re covered by dense short herbuge on which sheep do well, but wood* are 
waatine. though the heech in places grayis fairly well : the surface is dry, for 
the ch^k is a Tery porous rock and rapidly absorbs the rain. Good eectioos 
lire eiposed in the numerous pita where the chalk ie eitracted for lime- 
buming, while the flints furnish fair road-motaL Fossils are freqaent, socli 
as the sponges called Ventrictditet, sea-uiehins of the genera Micraster, Antm- 
ckylsi, &c., shells like laoeeramug, Ptclen, TerebrcUula, &c.. but, in fact, the 
mass of the whits challiis made up of the minute shells of /oramini/fra, which 
are only risible under the microscope, so that geologists class chalk as an 
nrgan«:ally-farnied rook. The general opinion ie that il accumulated on the 
floor uf an ocean, in a similar manner to the whitish ooze, which deep-sea 
soundings bring up from the bed of the North Atlantic. The socalled A^tes, 
or Isle of Wi^t pebbles, which are common on the beach between Ventnor 
and Sandown, are really rolled chalk-flints, 
which owe their beauty to the silicifled sponges 
they often contain : the brown markings on 
them are due to the ^esence of peroxide of 
iron; the "Isle of Wight diamonds" are 
f raiments of rock-crystal or quartz. 

The Tehtjaev Epoch. —Of the great interval 
of time which elapsed after the deposition of 
tbe chalk and before the formation of the 
lowest Tertuiry strain, we really know little 
or nothing. We are certain that the time- 
interval must have been immense, for in the 
newer beds, which we are now goit^ to describe, 
we flnd the remains of an entire^ new set of 
creatures, resembling more nearly those of the 
present day, with which, indeed, a few of 
them are identical. Hence Sir Charles Lyell 
called the lowest Tertiary beds tbe Eocene, 
a word which means the "dawn of new life." 

Eocene Formation. — The lowest strata of 
this division are called the Wooliniek and 
J, ^jj ^_, Batdatg Bedn; they were formerly known as 

/\.Ar\ ^" ■ '■'"' PIJ>Btic Cky. They are seen on either 

/ ^g^ j .— .-^- side of the Island restiti oq a rather uneven 

^^ f'm V..- surf»™ "f chalk, in Whitecliff Bay on the 
east, and in Alum Bay on the west : at the 
"■ latter place their thickness is S4 feet, hut they 
thidten eastwards to joo feet in 'Whitecliff 
Bay ; they have bean so upheaved as to be now standing on end, or nearly 
vertical, inclining to the north ; they consist of red, white, and blue mottled 
clays, with some brownish sands: fossils are wanting; at Newport coarse 
poltery and tiles 'are made from the clays of this age. 

Londrm Clay or Bognor Bedt. —These vary from 200 feet in thickness in 
Alum Bay to '300 feet in Whitecliff Bay ; they are divided from the Reading 
Beds by a band of flint-pehbles, and consist of grey and brown sandy clays, 
from which bricks are made at Newport. The fossil shells, such as Pimta 
affinU, Prmopcfa iiUermedia and Photadomj/a margaTitacea show the I^ndon 
Clay to have been formed in a sea some &x> feet deep, and proliebly in the 
proximity of land. 

The BaijBhot Bedt. This is the term applied by the Geological Survey to a 
great thickness of strata (alt<^ther about i.zoo feet) composed of sands and 
chiys, the sub-divisions of which were first made by Mr. Trimmer in 1850. 
Lower Btu/fkoC flail.— These are 660 feet thick in Alum Bay, but only 142 
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feet in Whitecliff Bay. They are mainly Minds* but cimtain b«lsof pi|>e-<*lay, 
in which, at Alum Bay, the remains of Iwautifully-presenretl leaves of laiul 
plants occur. Four species of LegumincMt (the pea ami bean onler) have l>een 
found, long thick leaves of fig trees, and the pafmateil leaves of an Aralia, 

The Middle Bag»kot Beds are 411 feet thick in Alum Bay and 710 feet in 
Whitecliff Bav : thev have been subnlivideil into a lower or Brackie^am .Sf riVu, 
(ill feet thick), and an upper series the Barton Clay (400 feet): these are 
separated by a bed of flint-pebbles. In Alum Bay there are bwls of wjkmI- 
coal, or lignite, 2 feet thick, in the Bracklesham Beils, and the rootlets cun l»e 
traced in seams of clay which underlie these lignite l>etls. The Rev. O. Finher 
has minutelv studied the same strata in Whitecliff Bav (see Journal of (teo- 
logical Society, vol. xviii.)and found Cardita plaHico»ta to be the nux^t common 
fossil shell. 

The Upper Bagshot Beds are pure white and yellow sands, about 1 50 feet thick, 
which have long been worked in Alum Bay for glass-making pur(x)ses : between 
1850 and 1855 there were shipped from V armouth 21.9S4 tons of sand mostly 
to Bristol and London. 

All these Bagshot Beds can be traceil with some difficulty right across the 
Island, but it is in Alum Bay that they are best seen : here the rich and %*arie- 
gated colours of the sands and marls, combined with their almost vertical 
position, form a scene of surpassing beauty. 

Uppbr Eocbxe or Fluvio-jIari5E Series. - The lower and middle K«H*ene 
strata are all of marine origin, but the upj)er be<ls indicate an elevati(»nof the 
sea-bottom, and are of a fresh-water and estuarine character, having beon dt»- 
posited in and near the mouth of a great river : their divisions and relations 
were thoroughly worked out by Professor E. Forbes ])etween 1848 and 1853. 

The Headon Series form the central and lower mrt of Headon Hill, where 
they are 180 feet thick : they extend thence past >ewj)ort to Whitecliff I^iy ; 
east of the Medina river they occupy a large area, having been elevated by a 
fault or dislocation of the strata, which runs nearly north and south along the 
l>ed of the river: the "throw'' of this fault is about 100 feet, so that the 
Headon Beds at East Cowes have been elevated 100 feet above their proper 
position. At Headon Hill the lowest IhhIs contain such fresh-water shells as 
Planorbis euomphalus and Cyrena n/cladi/ormis, with a land shell. Helix 
lahyrinthica : higher beds contain brackish-water shells, ns Votamidcs ciiictits^ 
and even marine forms as Venus incrasmta : higher still are beds of fresh-water 
limestone, with Paludifia and Cyrena. 

The O^ome, or St. Helens Series, are red and green sands and clays, about 
80 feet thick, containing fresh-water shells and the seed-vessels of Cham, a 
fresh-water plant : a bed of sandstone, called the Nettlestone (Jrit, has bfcn 
much used* for building purposes near Ryde. 

The Bemhridffe Series. — Tnis is the most important division of the Fluvio- 
marine Formation. As we go northwanls from the chalk we find the high dip 
of the strata gradually to decrease until the Bembridge Beds are nearly 
horizontal ; as a consequence of this they occupy a large surface area. f«)rming 
the greater portion of the surface of the Island north «if the chalk downs : 
they consist of 20 feet of soft cream-coloured limestone, overlaid bv 40 feet 
of marls: these two divisions are separated by an oyster bed. The limestone 
occurs at Binstead, Bembridge, Cowes, Gurnet Bay. Sconce, the upper part of 
Headon Hill, and running out to sea forms Hempstead Le<lge : the (piarries 
at Binstead have been worked for centuries. The most remarkable fossils are 
the bones of large mammals, chiefly of the genus Pal^otherium, a creature 
resembling the Tapir. 

Miocene Formation.- In considering the Hempstead Jleds as belonging to 
the Miocene Epoch, we follow the classification of Sir Charles Lyell : these 
strata are 170 feet thick at Hempstead Cliff near Yarmouth, ami they nlso 
form Parkhurst Forest : at the base is a band of black laminated clav. con- 
taining a Miocene shell— Bissoa Chastelii, then come green and brown marls with 
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has since undergone a l^>nsidenll>le elevation. Mr. S. V. WmhI Itelieres that 
these gravels date l>ack to the early (lart of the Glacial Periixl. and mark a 
submergence of the land which then occurred. 

Of later date are the brick-earths ami nmrls at Tollamls Bay. Wotton 
Creek, Brook Chine, and the Foreland. In beds of saml and peat at l^rook ami 
also near Bembridge Point trunks of trees ami liazel-nuts luive l>een fouml : 
the latter are called ** Ni>ah*s nuts " by the natives : in the gravels at Fresh- 
water Gate teeth of the Mammoth (an extinct sjiecies of elephant) have 
been found. 

Prehistokic Man. --But few traces of those earlv dwellers in our islands 
who were unacquainted with the use of metals have ooi*urreil in the Isle of 
Wight ; in a beil of brick-earth at the Forelaml. altout 80 feet alnwe the sea, 
Mr. Codrington found an ovate paltfolitkic flint implement. al>out 4 inches long 
by 3 in width : of the later, or Seolitkic Stone Aire, there is a i.K>Iisheil flint 
celt or axe-head, five inches long, in the British Museum, lal»elleti "from the 
Isle of Wight.^ 
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Natural History and Scientific Society. 
Wool hope Field Club ; Hereford. Transactions. 

Publications op the Geological Survey. 

Maps. —Quarter Sheets : 42 N.E. Hay, Talgarth ; 42 S.E. Abergavenny, &c. 
43 N.W.Woolhope ; 43 N.E. Woolhope to Malverns ; 43 S.W. Forest of Dean 
to Monmouth ; 43 S.E. Forest of Dean to the Severn. 

Important Works or Papers on Local Geology. 

1856. Banks, R. W.— On the Downton Sandstones near Kington. Journ. 

Geol. Soc., vol. xii. p. 93. 
i860. Symonds, Rev. W. S. — On the " Passage Beds,*' at Led})ury. Journ. 

Geol. Soc., vol. xvi. p. 93. 

187 1. Brodie, Rev. P. B. On the "Passage Beds" near Woolhope. Journ. 

Geol. Soc, vol. xxvii. p. 256. 

1872. Murchison, Sir R. I. — Siluria. 5th edition ; Murray, i8s. 

1880. Callaway, Dr. C. — Pebidian Rocks in Malvern Hills. Q. Journ. Geol. 
Soc, vol. xxxvi., p. 536. 

See also General Lists, p. xxv. 

The entire surface of the county of Hereford has been surveyed and mapped 
by the Government Geological Survey. These maps are on the scale of one 
inch to a mile, and are simply indispensable to every working geologist ; but 
amateur or at least private students have also made known to us much about 
the structure of the rocks which here form the' crust of the earth." To Sir 
Roderick I. Murchison we owe the recognition of the Silurian rocks as a 
distinct system, and with his name must be associated that of the Rev. T. T. 
Lewis. Slessrs. Salwey and Lightbody of Ludlow, and Henry Brookes of 
Ledbury, have been indefatigable collectors of fossils ; Professor Ray Lankes> 
ter has described many of the Old Red Fishes in the volumes of the Palseon- 
tographical Society, while the Revs. W. S. Symonds and P. B. Brodie, with 
Messrs. H. E. Strickland, R. W. Banks, and Curley, have done good local work. 
Dr. Grindrod has collected in his museum, at Townsend House, Malvern, a 
most interesting and indeed splendid collection of local fossils and rocks, and 
the Malvern College museum also contains a good series. 

Herefordshire may be styled the county of the Old Red Sandstone, for 
this rock constitutes nine-tenths of its surface, spreading in long imdulations 
right down from west to east, and having an average height of from 300 to 
400 feet above the sea ; from the Ordnance Survey we find the height of Hay 
(Parish Church) to be 304 feet, Weobley 325, Leominster (Town Hall) 250 
feet, and Kimbolton near Leominster (Church) 415 feet. Through the plain 
of Old Red still older rocks break at three points, viz., the Malvern Hills on 
the east, near Woolhope in the south-east, and between Ludlow and Presteign 
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in the north-west ; lastly over the surface there are spread beds of elay and 
gravel called Drift, which geologists have shown within the last few vears to 
be the relics of a glacial period, when ice coverwl the high grounds, or canu; 
sailing over the seas in the form of bergs. 

We shall describe in order all these rock-strata, commencing with the 
oldest and first-formed, which, although they lie below all the others, yet 
now, like a geological paradox, constitute the highest elevations. 

Pre- Cambrian, or Laurentia.n Formation. The Malvern Hills, which 
bound Herefordshire on the east, are a long ridge running north and south, 
and attaining at the Worcestershire Beacon a height of 1,396 feet ; they are 
formed of gneissic, granitoid and schistose rocks, whose strike is from north- 
west to south-east. Dr. HoU has long stated his conviction that these Malvern 
rocks are truly stratified though highly altered deposits, and that they are 
to be classed with the oldest rocks known, })erhaps with those which in 
Canada are called Laurentian; but at all events, as they clearly underlie 
Cambrian strata, they may with sjifety be termed " Pre-Cambrian." 

On the east the Malvern ridge is bounded by a great fault or dislocation, 
which brings Triassic strata on a level with beds which should, in a normal 
state of things, lie many thousands of feet below them. It is owing in part 
to such great movements of the earth's crust, and in part too to their superior 
power of resisting wear and tear, that the old Malvern rocks now stand up 

W. E. 

Ledbury. Eastnor. Rid^eway. Obelisk. Malvern Hilla. 




Pig. 37.— Section from Ledbury to the Malveni HilU, length about foiu- miles. 
j Old Ked candstoue. / Weulock Liuiubtone. \ 

i Shaly Sandstones. e Wenlock Shale. f cji^rian 

h Aymestry Limestone. «i Woolhopo Limestone. ( ' ^""**"- 

g Lower Ludlow Sliale*. c Upper Llandovery ^ndstoneand Conglomerate, j 

b Uollybush Saudstooe aud Black Schists with J nombrian 

X Granitic Kock-*, flanked by (a) Crystalline Fel- 1 Pre- 
srones, Schis^tose, and Gneissic Bocks. j Cambrian. 

high above the much newer or later-formed beds by which they are surrounded. 
It is probable also that a line of fault runs along the west side of the ridge ; 
but it has not as yet been so clearly traced as that on the eastern side. 

The Cambrian Formation. - On the western slope of the Malvems there 
is a large quarry, in Raggedstone Hill, where grey and brown sandstones with 
a quartz conglomerate at the base, are seen resting unconformably on the 
pre-Cambrian gneiss. These beds are termed " Hollybush Sanddone'^ after 
the adjoining valley, and are from 200 to 6<X) feet in thickness ; they have 
yielded a few fossils — an annelid or boring worm, Trachyderma antiquissvnay 
and shells named Lingula squamosa, Oholella Phillipsi, &c. 

Above the sandstones come the Malvern black shales ; their thickness is 
from 500 to 1,000 feet, and they include some beds of trap-rock, doubtless 
ancient lava-flows, which spread from submarine vents over the ancient sea- 
bottom. These shales extend westward by Coal Hill to the edge of Howler's 
Heath ; of fossils they have yielded several species of trilobites, Agnostus^ 
ConocoryphCy Olenus, &c, but the closest examination is needed to detect these 
evidences of the presence of life ; in fact, the best way is to take home 
quantities of the shale in a basket, and examine it at leisure with a lens. 
The upper shales are of a greenish tint and contain Dictyonema sociale, a 
fossil of a net-like appearance ; they are exposed near Hayes Copse. The 
two divisions of the Cambrian beds which we have now described are (^n- 
sidered to be of the same period as the Tremadoc beds of North AVales. 

L 
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The Silurian Formation. Further west still, and resting on the Cambrian 
strata just named, we find rocks of Upper Silurian age, the entire Lower 
Silurian series being absent. First, we see the Upper Llandovery or May 
Hill Sandstoiic, composed of grey and purple sandstones, shales, and con- 
glomerates, about I, OCX) feet in thickness; from Cowleigh Park they run 
southwards through West Malvern, but just west of the Herefordshire 
Beacon they are cut out altogether by a fault ; re-*ppearing west of Swin- 
yards Hill, they stretch westwards past the Obelisk, and form Howlers 
Heath. Above these beds, we find the Woolhope Limestofie, here rough and 
impure, which is exposed north of Crumpend Hill and near the Wych ; it is 
150 feet thick; then come the IVenlock Shales (640 feet), and the Weiilock 
Limestoffs (280 feet), surmounted by the Ludlow Beds^ which contain a nodular 
representative of the Aymestry Limestone. In all these beds the usual Silu- 
rian fossils - trilol)ites, l)rachiopods, crinoids, &c., occur. Both Cambrian and 
Silurian strata run on the whole in a north and south direction, parallel to 
the Malvern ridge, but opposite each end of this elevation they bend round 
to the westward ; notwithstanding minor undulations, they have an inclination 
or dip at varying angles to the westward, in which direction they are soon 
overlaid and concealed from view by the Old Red Sandstone. The passage 
beds between the two great formations were well exposed during the excava- 
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Pig. 38.— Section across Woolhope Valley. Length about five miles. 
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f Old Red Sandstone (ba^ of). 
L e^ Upper Ludlow Shales. 
\ei Aymestry Limestones. 
( e\ Lower Ludlow Shales. 



cf3 Weulock Limestone. 

d2 Wenlock Shale 

di Woolhope Limestone. 
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Silurian. 



tion of the Ledbury tunnel, on the Worcester and Hereford Railway, in 
i860. 

The Wodhope District. Here exactly tlie same series of Silurian beds 
which we have just been noting at Malvern is brought up in what Sir R. 
Murchison chilled a valley of elevation. They have been bent into a dome- 
shaped mass, of which the top has since been worn off by those active agents ' 
of denudation -rain, rivers, frost, ice, &c., so that the oldest rock is now- 
seen in the centre, while the other beds form ridges or valleys running round 
it, according to their respective hardness. The May HiU Sandstone forms 
Haugh Wood in the centre (570 feet above the sea). This is encircled by a 
broad band of Woolhope Liniestotie, then there is an inside slope of WenlocA: 
Shale, with a ridge beyond of Wenlock Limestone ; next the Lower Ludlow 
Shales form a narrow valley, beyond which is a lofty encircling series of 
Aymestry Limestone, and the outside slope of all is formed of the Upper 
Ludlow Shales. The Old Red wraps round the whole. The symmetry of the 
valley would be perfect, but for a tauk which runs across the north-west 
corner below Backbury Hill. There are large quarries in the Wenlock Lime- 
stone at Dormington, where man^ hue coi-als, as Halysites caienulatus and 
Favosites gothlandictbs, may be obtained. Ttie junction beds with the Old Red 
are seen near Ferton. 

At Hagley, about three miles north of the Woolhope district, the Ludlow 
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Beds are again exposed to view over a small area. Altogether the neighbour- 
hood of Woolhope is to the geologist most interesting and instructive : the 
very name seems to have an inspiring influence, for is not the " "Woolhope 
Naturalists' Field Club " one of the most energetic and hardworking in the 
west of England ! 

Ludlow and Presteign District. Here again the same Upper Silurian roclcH 
are found as at Malvern and Woolhope. The May Hill Sandstone is here 
oalled "Gorton Grit" : its base is a conglomerate, blocks of which have been 
carried (probably by ice) far to the eastward. The Woolhope Limestone in 
this district has been greatly altered or metamorphosed by intrusive masses 
of igneous rock. From their superior hardness the latter now form con- 
.spicuous hills, as Yat Hill, Hunter Hill, Stanner Rocks, &c., the valleys 
between having been excavated out of the softer Silurian strata : in fact the 
district between Kington and Old and New Riidnor is a most picturesque ami 
remarkable one. 

At Aymestrey the limestone bed, which takes its name from tliat village, is 
finely exposed in the banks of the river Lugg and in the Garden House quarries. 
Pentamerus Knightii and Lingula Lewisii are here the common fossil shells. 

Very good Silurian sections are exposed near Ludlow in the banks of the 
Teme. Here the passage beds, or Downtmi Sandsf&tws, by which the Ludlow 
Shales are connected with the Lower Old Red Sandstones, are well seen, and 
the famous Upper Ludlow "Bcme Bed," may be found at Ludford lane, &c. ; 
it is a thin stratum (one or two inches thick), literally made of the remains of 
fishes, crustaceans, &c. 

The Old Red Sandstone. For England Herefordshire is pre-eminently 
the county of the Old Red : the total thickness of the formation is here not 
less than 10,000 feet. The lower beds are red marls with impure limestone 
ooncreti(ms called " cornstones," and red and grey sandstones ; above these are 
chocolate-coloured sandstones, red marls and cornstones, and towards the top 
i'onglomeratic beds with more red marls. The change of colour from the pre- 
vailing grey tint of the Silurians to the deep red of the marls and sandstones 
is very striking ; there is no unconformability, however, between the two 
.series of strata. The fossils of the Old Red are chiefly fragmentary fisli 
remains and traces of both land plants and fucoids, with crustaceans. The 
fishes belong to the order of Ganoids, of which the sturgeon is a good living 
specimen: species named Pteraspis, Scaphaspis, Cepkalaspis, &c., chaTacteTiim 
the lower beds, while Pterichthys and Holoptychius belong to the upper 
.strata ; the crustaceans Pterygotus, Stylanurus, &c., also characterise the lower 
strata. 

From the evidence of the fossils, the colour and nature of the rocks, &c., it 
is probable that the " Old Red" of Herefordshire and the adjoining parts of 
Wales was deposited in a large inland sea or lake. On the south this lake was 
bounded by a ridge running east and west, beyond which was the open sea, in 
which were being deposited at or about the same time marine strata, contain- 
ing shells, corals, &c., which now form the limestones, slates, &c., of the 
Devonian formation : thus we speak of Devonian or Old Red Sandstone, as the 
two sets of strata may have been formed contemporaneously or nearly so, but 
under different conditions. The lower beds of the Old Red Sandstone are 
well exposed near Leominster, where, in the quarries at Leyster's Pole and 
Puddlestone, many of the enamelled plates which formed part of the armour 
or external hard covering of such fishes as Scaphaspis and Cephalaspis may be 
found. From quarries at Putley, Perton, Tarrington, &c., all in the Woolhope 
district, the Rev. P. B. Brodie obtained many interesting crustaceans, relics 
of plants, &c. As we walk south and west past Hereford to the Black 
Mountains, we pass over an undulating country, the rounded ridges and hills 
being formed of the harder beds of sandstone, which have resisted denudation 
better than the softer marls. On gaining the summit of the Brecknockshire 
Beacon (2,862 feet), we find the highest beds of Old Red occur, the carboni- 
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ferous strata l)eing just denuded off. It is of this spot that Sir R. I. Murchison 
writes in "Siluria:* - "The grandest exhibitions, however, of the Old Red 
Sandstone in England and Wales appear in the esoarpraents of the Black 
Mountain of Herefonlshire. ... In no other tract of the world visited by 
me have I seen such a mass of red rocks (estimated at a thickness of not less 
than 10,000 feet) so clearly intercalated between the Silurian and the Car- 
l>oniferous strata." 

By its decompx)sition the Old Red Sandstone usually produces a strong, 
loamy, fertile soil : where the Cornstones occur, the lime which they contain 
results in the production of the best land in the county ; many orchards, and 
a few hop yanls, are situated on the red land. 

The samlstones are lai^ely quarried for building purposes ; the Three Elms 
Stone near Hereford is well known : there are also quarries near Ledbury and 
at many other places. Chepstow Castle and Tintem Abbey are both built of 
Old Red Sandstone. The beds of conglomerate yield millstones for cider- 
making processes, and, with some of the cornstcmes and sandstones, are also 
broken up for road mending. The sandstones are often ripple-marked and 
false-bedded, indicating shallow waters. 

Carboniferous Formation. The Mountain Limesfone just enters the county 
in the south-east, forming the picturesque cliffs through which the Wye han 
cut its way: it is a bluish-grey rock, forming precipitous cliffs or "scars," 
often penetniteil by caves and fissures: iron ore and a little lead ore occur 
here. 

The Drii-t. Between the time of accumulation of the strata we have now 
described as forming the "solid geology" of Herefordshire, and the deposit of 
the beds of gravel, clay, and s<ind which at many points cover over the sub- 
jacent r<K*ks and hide them from our view, there elapsetl a perioti of time so 
great that we can scarcely define it in years. During this interval all the 
strata which form the centra! and eastern counties of England- the coal 
measures, Triassic, Oolitic, Cretaceous and Tertiary beds were being in suc- 
cession laid down as sediment on ix*ean-fliK)rs, and this area was being 
alternately raisetl far above or depressed below its present level. If any 
Secondary or Tertiary strata were ever present in Herefordshire they have 
long since been swept off by the forces of denudation -rain, rivers, ice, &c. 

which have mouldetl and sculptured the surface of the county into the aspect 
it now wears. 

The Glacial Periotl. But some of the surface deposits of clay, gravel, &c., 
bear witness of the last period of intense cold which prevailed in these lati- 
tudes, when glaciers covered aill the liigh grounds, and entering the Sea sent 
off detached masses, icebergs, laden with mighty cargoes of mud and rock, to 
be dropped at a greater or less distance from their native spot. In the 
houlder-duy we have a deposit, either the product of a glacier pushed before 
its advancing face or accumulated beneath its moving mass, or in some cases 
dropped from melting bergs : it is a stiff clayey mass, full of stones or boulders 
of all isizes and shapes: many of these are scmtched or striated, and formed 
of rocks which occur in situ at a grejiter or less distance, often many miles 
from the spot where they are now found. Unfortunately as yet in Hereford- 
shire these glacial deposits have not been much studied, and we know little of 
their thickness, contents, or distribution. Mr. Curley has described them in 
the neighbourhood of Hereford and Ludlow as containing large boulders and 
with overlying and intercalated beds of gnivel and sand, but the subject is 
still almost a vii^in one. 

Alluvial Deposits. -The rich water-meadows which border the Lugg and 
other streams have been formed by successive deposits of mud, gravel, &c., 
during times of flood : horns of the red deer and the old British ox. Bos 
prirniffeniv^s, are sometimes found in these deposits. 

Prehistoric Man.— In the hill of Carboniferous Limestone called the Great 
Doward, which rises above the River Wye on its right bank near the lime- 
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8t one escarpment called Symond's Yat, there is a well-known cavern called 
" King Arthur's Cave": this was explored by tlie Rev. W. H. Symonds in 
1871. In the cave ho found the present floor to consist of black soil, with 
fragments of Roman pottery. Below this came a Inyer of cave-earth, 3 feet in 
thickness; it contained implements made of flint, together with bones of the 
mammoth, long-liaired rhinoceros, cave-lion, cave-bear, and other animals now 
extinct. Beneath this was a deposit of stratified red sand, with rolled Silurian 
and greenstone pebbles : this Mr. Svmonds believes to be part of an old river- 
bed of the Wye, which then flowed (m a level with the mouth of the cave; 
the river now runs 3C» feet down below the cave, so that the period when this 
bed of sand was formed in the cave must indeed lie far back from the ])resent 
time: but beneath the sand is a layer of stalagmite, and then, lower down 
still, more cave-earth containing more stone stools and bones of animals. 
The evidence which the deposits in this cave give as to the antiquity of man 
is indeed remarkable and convincing. 
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NaTUKAL Hlt$TOSY AX It Si IE5TIFIC .SOflETIK'i. 

Watford Natural Hi.«»tory S^x-iety and Hertfunlrihirt- Field Club; Watford. 
Tmniiact ioiL>. 

MCSECII>. 

Haileybury College Mudeuni. 
Watford Free Lil»rar>' and Museum. 

PrBLICATI05S OF THE Ge4»LUGI< AL SlKVET. 

MajMt. sheet >. I : S.E. Comer of Hertji ; 7. South HertJ? : 47. Eai»t Herts ; 
Quart er-J^het^t^. 46 S.E. Hatfield : 46 S.W. Trin^. &i-. : 46 N.E. Hitehin, &c. 

Book*. Gt^jlo^T of thf I>*DiloD Ra>in. l-y W. Whitaker. 13s. ; ditto of 
iK>rtli-we>t |«irt of F»*-x. an«i rJorth-«^^t of Hert^. l«y W. Whitaker, 3«. 6d. 

iMPOirrA-vr Wokk.* ok Pafeil* 05 Local Geology. 
Li>l ly W. Whitaker. Ee^.. of 58 work* in Tmn.*. Watford Natural 
His-lorr Socit-tv for 1876. 

1850. Pre*:wich. Pn>ft-js>^^r J. Un lh«- Has^uKrut Bed of the London Clay. 

J«>uni. Gtol. Sic. vol. vi. j«. 252. 

1851. Prt-s-iwich. P^i*f«.-^,^or J. Water-i»earintr Strata of the Country round 

Londou. 8vo. Lotion. 
1854. Prt.'stwii-li. Pn>fe*!<»r X Thr Wijolmirh an«l Re^idiu^ Bed^. Joum. 

Geol. Sj^^-.. vol. X. y. 75. 
1858. Pre>twich. Pn>fe>»<jr J. Boulder CUy at Bricket Wo«id. Watf«jrd- 

Ge«Jl^J^n^t. vol. i. p. 241. 
1865. Clutteri'Uck. Kev. J. C. Water Supply. Joum. Roy. .\gric. Soe., Seriei^ 

2. vol- i. p. 271. 
1868. Huirhe^. Profe>s>or T. McK. Plain* of Hert^ and their Grareli». 
1868. \XiMM\. S. v.. jun. T!ie Pel-Mt^Be.!:^ of Hert*. Joum. Geol. Sot-., vol. 

xiiv. p. 464. 

Sff alj9.' GrMeruI LUi. y. xiviii. 

Is the Tnuijsacl ion* of t!:e Watford Natural Hi>tory SA-iety (v«>l- i p. 78) 
there- i* a verv* useful lis>t. c*>mpiied l-y Mr. W. Whitaker. of alont a^ixty paperK 
vhich l:ave ' -eec written •>& the ireol'Jty of thi> o«ui*ty. If. however, the i<tudent 
provide* himself with the ^•lotricai ma^cof the *urface iisfrUed hy the Govern- 
meot Survey. t«jcether with I he *■ Memoir ot; the Ge<L»i«j|!T of the Ijjoiiim 
Ben^in." I'y Mr. \ITiitaker. he will 1-e in {.'Oes»e>*ion of aIm<Je^t everything that 
\^ kn«jwi:^ uf to the pn-!?<cT tice. al-.-cl the rui-k* of the di*tri<!t. The Rev. J. 
C Clutter:. u*-k l-^> made maxkv v»;caMe •>: s^ervat i«>c* I'earicg on the question 
of the water I'Ujp'y. ai>i I*r«jie>5?<>r> Prv*twi<-L and MoKecuy Hugfae«. Met>ftn». 
John EvaE*. S. V. W.>ud. jilL.. Hoj ki£*4.«L and •»:Ler>. have done good work- 
In de*cri! ii^ the nA-k> "A Hertfoid*hire we wiil l*gin in the nortb-wfrst of 
the c«>u»:tv. a* we *Lall there £r*J the oldest l-^rd*. 

The CiiTArEor* Fokmatios. Wt*iwani> of Iringiioe, and two or three 
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trace it by Berkhamsted Castle, Boxmoor, Apsley, south-west of Dunstable, 
Kensworth, at Jack's Hill "Windmill, south of Baldock, and thence north-east- 
ward to Lannock Farm. 

The Upper Chalk. — This division forms the long and gentle south-east slope, 
reaching from the hill-tops down to Rickmansworth, Watford, Hatfield, and 
Hertford, and thus really forming the greater part of the county. It is charac- 
terised by numerous layers of black flints which indicate the lines of bedding 
and show the dip to be very small, not more than three or four degrees, and 
to the south-east. The Upper is also much softer and whiter than the Lower 
Chalk, its fossils are also different ; sea-urchins, as Micraster, Ananchytes, &c., 
and sponges abound. A small " inlier" of chalk is found at Northaw, having 
been exposed by the denudation of the overlying strata. 

To the naked eye chalk appears a white homogeneous rock ; but when it is 
broken up in water and examined under the microscope, the whole mass is seen 
to be composed of the minute shells of a class of animals called foraminifera. 
Countless millions of these tiny creatures still inhabit our oceans, and as 
they die their shells sink to the ocean-floor, forming, by their soft incessant 
rain, great thicknesses of whitish mud which, if hardened and compressed, 
would form a rock indistinguishable from our chalk. We assign, therefore, 
to the chalk a similar origin. 

Chalk scenery is too well-known to need description. The chalk district of 
Hertfordshire is, however, much more fertile and better wooded than the 
tracts of the same rock in the south of England, which form the North and 
South Downs, &c., and this is due to the covering of clay, brick-earth, sand, 
gravel, &c., which usually conceal the chalk from view in this county, and 
which we shall presently describe. On the summit and western slope of the 
Chiltern Hills tne characteristic rounded downs and hollow combes are, how- 
ever, well shown, as at Ivinghoe, Dunstable, between Sundon and Pirton, &c. 
Deep wells in the chalk yield large supplies of pure though hard water. The 
Colne Valley Water Works Company has sunk a large well in the Bushey 
Meadows, near Watford, to a depth of 235 feet. The water obtained is 
softened by Dr. Clark's process, and then pumped up to a reservoir on Bushey 
Heath, 518 feet above the sea, from which it can be conveyed to any point 
between London and Watford by gravitation alone. 

Chalk is burnt into lime both for building and agricultural purposes. It was 
formerly more used for building than at present, and St. Albans Abbey contains 
much chalk, or Tottemhoe stone, together with many rough flints. For indoor 
use it is well fitted from its lightness, but when exposed to the weather it 
rapidly decays, as witness the noble western front of Dunstable Priory church. 

The height of a few places on the chalk tract above the level of the sea may 
here be given : Dunstable toll-house; 558 feet ; Great Offley Church, 524 feet ; 
Hitchin Church, 216 feet ; Stevenage, 306 feet ; St. Peter's Church, St. Albans, 
402 feet; St. Andrew's Church, Hertford, 137 feet. 

Tertiary Period. — Eocene Formation. — The south and east of Hertford- 
shire are composed of beds of clay and sand, between the time of whose forma- 
tion and that of the chalk there elapsed a period to be measured, perhaps, in 
millions of years. In these Eocene beds the fossils are entirely of different 
species to any which we find in the chalk, and some of the shells are identical 
with those now living. 

The Woolwich and Reading Beds. — These are the lowest Eocene beds which 
occur in Hertfordshire, and they rest directly upon the chalk ; they consist of 
alternations of bright-coloured plastic clays with sandy beds ; their thickness 
here is about 25 feet. We can trace them from Harefield Park to Watford, 
where there are good sections at Bushey Heath and Watford Heath Kilns ; 
thence they run by Hatfield Park to Hertford, where again there are good 
sections in the brickyards. At the junction with the chalk there is usually 
a layer of green-coated flints. Fossils, with the exception of one or two bands 
of oysters, are of rare occurrence. 
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The London Clay. This is of a liruwnish hue at the surface, hut lilue when 
dug at any depth. It covers over the Reading Be<l», and is indeed seen occupy- 
ing the upper part of the hrick pits already named near Watfonl, Hatfield, and 
Hertford. From these points it extends to the south and eJist until it passes 
out of the county ; it rises gently from its northern Ixiundary into hills of some 
elevation, forming a second escarpment [cirallel to that of the chalk and about 
16 miles distant from it. The lowest stratum of the London clay is known as 
the ** Basement Bed ; " it contains a layer of flint pebbles. 

Eocene Outliers. -Detached patches of the E<x»ene l>eds alK>ve described 
occur at several points on the broad chalk tract, thus indicating the former 
extension of these beds over a much larger area to the north and west than 
they now occupy. These outliers are found at Micklefield Hall, Micklefield 
Green, Sarratt, Ablx)ts Langley, Bedmont. Bennet's En<l, I>everst(K*k Green, 
and on the St. Peters side of St. Albans. 

Deep Borings in Herts. In two l>oringB lately made !>y the New River Com- 
pany (for water), we have most interesting evidence of the existence <»f r<icks 
of great geological age, lying far below the surface : 
L Boring near Ware : II. Boring at Tumfonl. nr.Cheshunt : 

Gravel ... ... ... 14 feet Gravel ... ... ... 20 feet 

Chalk ... ... ... 544 .. London Clay ... ... 45 

L'pper Greensand ... 77 .. Reading Beds ... ... 45 

Gault ... ... ... 160 ., Chalk ... ... ... 625 

Wenlock Shales ... ... 50 ., Uj»per Greensiiml ... 25 

(Upper Silurian) ... Gault ... ... ... 160 

. Upper Devonian... 
' The Drift. With the exception of the upper part of the chalk ridge, the 
strata we have been describing above, are hardly ever found forming the 
actual surface of the county. They are generally covered over by irregular 
beds of gjavel, saml. and clay of comparatively recent origin, and which mask 
and obscure the solid beils that lie below. These surface beds are termed drift 
because they are believed to have been brought from a distance, chiefly by the 
aid of ice. during the Glacial Period^ a time when England was more than once 
submeiged, and when icebergs and glaciers came downwards from the north, 
laden with stones and all kinds of debris from the rocks they had grate<l over. 
Upon most of the chalk district we get a thick layer of clay with flints. 
This appears to be the result of the decomposition of the chalk during long 
ages, the soluble part- carl>onate of lime having been carried away by rain- 
water. Gravelly beds which occur at Hertford, Barnet, &c., are of the Middle 
Glacial ^e, and these are overlaid by the great chalky boulder clay, which 
is Upper Glacial ; this is well seen at Bricket Wood, about half way between 
Watford and St. An)ans, where it is twenty feet thick. Lastly l>eds of gravel 
and brick-earth occur along the river courses, deposited by the streams in 
later times. 

We must not omit mention of the masses of " Hertfordshire pudding-stone " 
which are scattered over the surface. These consist of flint pebldes in a 
siliceous matrix, and come from the Woolwich and Reading beds. The 
stratum which probably yielded them may still be found between Aldenham 
and Shenley. 

Prehistoric Mas. — Several instances are recorded by Mr. John Evans in his 
great work, " The Ancient Stone Implements of Great Britain,** of discoveries 
in this county of the chipped and polished flint and other stone tools and 
weapons, which were used by the inhabitants of this country before the dis- 
covery of the properties of metals. 

In these we can distinguish two periods : an earlier or Paleolithic stone 
age, when the tools, &c., were merely roughly chipped nodules of flint, and a 
later or Neolithic period, when considerable skill in the manufacture of such 
objects had been attained, as is evidenced by the more delicate and varied 
forms, and by the fact that most of the objects have been rubbed or polished. 
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Palaeolithic implements have been found by Mr. Evans at Bedmont, near 
Abbots Laugley, in the valley of the Gade ; by Mr. Penning, of the Geological 
Survey, in the neighbourhood of Bishop's Stortford ; and by Mr. W. G. Smith 
in high-level gravels near Hertford and Ware. 

Of neolithic tools, the flint axe-heads called celts have occurred at "Ware, 
Albury (6| in. by if in. and polished all over), Abbots Langley (4^ in. long, 
with the edge intentionally blunted by grinding, so that it was possibly a 
l)attle-axe), and Panshauger. Flint flakes or chips, evidently the work of man, 
have been found near St. Albans, Abbots Langley, and Ware. At Tring grove 
in 1763 a skeleton was found, with which flint arrow-heads, some polished 
thin stones (bracers), a ring of jet and two urns had been interred. But with 
the advent of Man the geological record merges into that of History. 
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Publications of the Geolocical Survey. 

Mapa. Quarter Sheets : 52 N.E. Huntingflon ; 52 S.E. St. Neots ; Sheet 64 
Peterborough. (Survey not completed.) 

Books. The Geology of Rutland and Part of Huntingilon, hy J. W. Judd, 
I2S. 6d. Geology of the Fen-land, by Skertchley, 40s. 

Important Works or Papers on Local Geology. 

1847. Mitchell, Dr. J. On the Drift of Huntingdon. Journ. Geol. S(K'.,. 
vol. iii. p. 3. 

1853. De la Condamine, Kev. H. M. On a Freshwater Deposit in Huntingdon- 
shire. Journ. Geol. Soc., vol. ix. p. 271. 

1861. Porter, Dr. H. Geology of Peterborough and its Neighbourhood. 8vo, 
Peterborough. 

See also General List, p. xxviii. 



This county does not offer an inviting field for ordinary geological work, 
which is prol^ably the reason why little has been published concerning it. 

The southern and central portion of the county was examined by Mr. Howell, 
and his map was published by the Government Geological Survey in 1864. The 
northern portion was surveyed by Professor Judd, whose map, witli an admirable 
descriptive memoir, appeared in 1872. A geological map of the county, how- 
ever, was published as long ago as 1821 by William Smith, the "Father of 
English Geology." 

The alluvium of the Bedford Level T/vas described in the Geoloyuit by ^Ir. 
C. B. Rose, and papers on this subject by the Rev. H. M. De La Condamine, 
Dr. Mitchell, and Professor Seeley have appearetl in the Geological Society's. 
Journal. 

The surface of Huntingtlonshire is low and undulating, with a gentle sh)j)e 
towanls the Fens. On the west Keyston Toll-house is 245 feet above the sea, 
Elton 107 feet, Sjwldwick 91 feet, Chesterton 64 feet, and Peterborough only 
28 feet ; Huntingdon is 45 feet, St. Ives 26 feet, and Fenny Stanton 42 feet 
respectively above sea-level. 

In examining the geological features, if we begin in the north-west, we shall 
find there the oldest and also the most varied rocks. 

The Oolite. - Between Peterborough, Wansford, and Elton, we have a 
very interesting expanse of several beds of the Inferior Oolite on the 
Huntingdonshire side of the Valley of the Nene. Crossing the river at 
Wansford we find ourselves on the 

Northampton Sand. Following this bed southwards past the Mill, we get a 
fair section in a small pit at New Close Cover. Here at the top is some brown 
and yellow sand full of plant-remains, with white sand underneath. Returning, 
we trace the same sands past Stibbington to Water Newton, where, with some 
associate<l beds of clay, they are dug in the brickyards. 
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The Lmcolnshire Oolite LiTtiestone. — In the Wansford stone-pits we have 
«ome good sections of this fine bed, which in Lincohishire is 200 feet thick, 
and which is so largely worked for building purposes at Ketton, Ancaster, &c. 
From the "Wood-pit," at Stibbington, the late Dr. Porter collected about 
forty species of fossils : at "Water Newton brickyard there is 4 feet of fine- 
grainetl oolitic limestone visible, with nodules of ironstone resting upon it. 
Here we are evidently near the " thin end of the wedge," for eastward of this 
point the limestone dies out altogether. 

The Great Oolite. -All four members of this series are present. The lowest, 
or Upjer Estuarbie series, is clayey ; above it we have the Great Oolite Lime- 
stone, then the Great Oolite Clays, and lastly, another limestone band- the 
Conihrask : all of these come on one above the other, overlying the beds of 
inferior oolite just described. The Upper Estuarine series is dug for brick- 
making at Water Newton, and is well exposed in the Sibson tunnel. At the 
western end of the tunnel, near Wansford station, the whole series of beds, 
from the Great Oolite Limestone down to the thin representative of the 
Lincolnshire Limestone and Northampton Sand, may be seen. 

The Great Oolite Limestone forms the steep escarpment of Alwalton Lynch, 
where it contains numerous bands of fossil oysters. The " Alwalton marble " 
was formerly dug here, but the pits are now closed : the stone was a hard, blue, 
shelly limestone, which took an excellent polish, but was not very durable. 
There is a petrifying spring here, which has formed a deposit of travertin, 
often encrusting tufts of grass, snail-shells, &c., and covering them up ; the 
same beds are traceable round to Elton in one direction^ and on the east are 
finely exposed in the railway cuttings near Bottlebridge. The Great Oolite 
clays are often seen resting upon the limestone ; they contain bands of iron- 
stone balls. 

The Combrash is a hard, blue limestone when dug at any depth, but it 
weathers light-brown at the surface ; it is exposed in the valley of the Billing 
Brook, especially about Water Newton Lodge, and is here very fossiliferous ; 
it is very hard, and is used for road metal ; the top is usually marked by a 
band of large rugose oysters- 0«^rea Marshii: it forms a light red soil. There 
is a small inlier between Stilton and Yaxley, which is brought up by a fault. 
No fewer than 68 species of fossils have been found here, and the most 
<lelicate shells, often retaining their pearly lustre, are found in a perfect state. 

Middle Oolite.- The Oxford Clay. — This great clay deposit, probably 
more than 600 feet thick, occupies the county to the exclusion of almost every 
other rock : to the north-east it passes under the Fens, of which, however, it 
constitutes the substratum, rising above it in island-like masses here and 
there ; but even in the rest of the district it is generally so covered by the 
superincumbent boulder-clay and gravels as to be seldom exposed, even in the 
river valleys. The land it forms is mostly devoted to grazing, although there 
is some woodland, while of late years an increasing area has been brought 
under the plough. 

Of the hard sandy beds at the base, known as the Kellaways Rock, there 
are no good exposures. At Luddington brickyard light-blue Oxford clay is 
dug under 5 or 6 feet of drift to a depth of 30 feet. Those characteristic 
fossils, Gryphma dilatata and Bdemnites Puzosianus, occur here : similar beds 
are seen at Great Gidding, Haddon, Standgroimd, Woodstone, and Fletton. 
In the various brick-pits south of Peterborough the dark-blue clays contain 
large quantities of fossil wood, either converted into jet or mineralized by 
iron pyrites : it is sometimes found in masses of large size, having evidently 
floated about on the deep sea, at the bottom of which the Oxford Clay was 
being deposited, until, becoming water-logged, it sank to the bottom and was 
covered up. The teeth and spines of fishes also occur here. The same Clay 
extends right down by Huntingdon, past Kimbolton and St. Neots, and east- 
ward by St. Ives into Cambridgeshire. In the Fen district deep trenches are 
dug through the surface peat and silt into the clay beds below, and the latter 
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these peat is used tor fuel. Al Fortj-fi>nt Bridge a liand of hard rock 8 o: 
iochea thick in found at h depth of 15 feet : Ammonilai Iiatsbrrli is comniun 
hero. Cotinir^on and Holme LnekyBnis, and indeeil the liriekyardx 
({eoerally over the region we hiive detieribeii, afford oilier sectionh of llic 
bluish clays. 

IntheeilenHireexi'HVationMHl St. IvcB we find a rather pie bluish-grey 
fine clay, vith occaflonal i-alcareoue concretiuns, email cryalalK of Hvlenile anil 
lamps of jittIIcs : alioul 64 species of fossils from Iheiie jiitx an' slHJwn in ihe 
Woodwanlian Museum at Cambridge, including 19 specica of Ammonitn ; 
Gryphim dilatala is also moRt abundant. Here may be seen one of those 
bands of impure limestone which occur in this district at rarious horizons in 
the Oxford Clay, and some of which have lieen considered reitresenlatives of 
the Cernl Bag, of which llie nearest iindouble<l cipi)BureB are at trpwarc, near 
Cambridge, and Stanton St. John's, near Oiford. 
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Thus we luive in HuntingilonHhire no clear line of division lietween the two 
([real masses of the Or/wS and ifimwrnfl^^ Clays. The St. Ives riR-k i« also 
traceable at High Papworth, while a higher lianil was exposed in the railway 
cutting at Bluntisham, and a lower one al St. Seols. From the Oxford Clay, 
near the latter town, the remains of a large new species of reptile (/'Wownnw 
EvoHii) has been obtained. 

Tiie LowEK Gheemsash. This inleresling deposit is composeil of brown 
or yellow sands, the tint being due 10 the presence of oxide of iron, which is 
sometimesalisent, the beds then being white; it formsn range of low hills which 
extend from Polton and Handy, in Beds, by Evert on and Garalincay, past 
Gransden, Eltislej, and Caiton ; it luis been workeil for the valuHble Imiai of 
coprolilea which it contains. 

TheDkiIT. -The glacial deposit, called Ibe Great Clialky boulderi'lay, is of 
a bluish colour, and is crowded with masses of rock which often exhibit (ho 
polished and scratched appearance characteristic of glacier or iee-Wme masses; 
It extends more or less over the whole of the county, and is often of preat 
thickness. Masses of chalk and flint areabundanl in it, with oolitic and liassic 
fossils, niillston^rit, sandstone, mountain limestone, &c. ; it seems to Imve 
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been deposited in a shallow sea by a great glacier pushing down from the 
north. The valley gravels of the Nene are of later date ; near Elton they have 
been cemented together by the infiltration of calcareous matter so as to form 
indurated masses. At Overton Waterville numerous shells occur, with remains 
of the mammoth, &c. 

The Fens are formed of silt or warp, a fine mud deposite<i by the sea when 
the land was at a rather lower level than at present, with intercalated beds of 
peat, due to the growth and decay of mosses (Sphagnum) during long ages. 
Home of the old Fen lakes, as Whittlesea Mere, Ramsey Mere, &c., have been 
<lrained of late years, and are now marlced by patches of alluvium, so rich in 
shells as to constitute a very fertile soil. 

Of the peat beds there are usually two, separated by marine silt. Trees of 
large size, as the oak, birch, &c., are occasionally dug out of the peat. The 
remains of animals which once roamed through these old forests are also found, 
.as the wild ox (fig. 40), the Irish elk, the red-deer, bear, otter, beaver, wolf, fox, 
&c. In the silt or " buttery clay" between the peat beds, marine shells, such a« 
the common cockle and oyster, and a shell called Scrobicularia, are found, with 
many beautiful species of foraminifera. Drainage has often caused contraction 
of the peat, &c. At Holme, an iron column erected on the foundation of the 
subjacent Oxford Clay, shows that a contraction of the superficial deposits of 
the fens in that place, to the extent of seven feet, has occurred since 1848. 

The flat bottoms of the valleys of the Ouse and Nene are covered with a 
fine black loam, deposited during overflows of the river ; these flats are often 
under water in winter, but in summer they constitute admirable grazing grounds. 

Mr. John Evans reconls no flint or stone implements from Huntingdonshire 
in his great book on the subject. We have heard from him, however, that 
stone tools of an early type have been lately found near Peterborough. All 
gravel pits should be searched for them, especially those on the sides of the 
valleys, about 40 or 50 feet above the present streams. 
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The inhabitants of Kent have great facilities for the study of the rocks of 
their county. All along the coast admirable sections are exposed in the cliffs, 
.ind inland the absence of the surface deposits which, under the name of drift, 
so obscure the geology of the counties north of the Thames, permits the various 
strata to be traced with comparative ease. 

The entire county has been mapped by the Geological Survey, a.nd these 
maps, on the scale of one inch to a mile, are so coloured that anyone by their 
aid can determine exactly the character of the rocks of ^the neighbourhood in 
which he may happen to dwell. There are also two admirable memoirs pub- 
lished by the same department explaining the maps, and giving full particulars 
of the various sections and fossils : the first of these, by Mr. Whttaker, is en- 
titled the " Geology of the London Basin,'' and describes the northern part of 
the county ; whilst Mr. Topley's " Geology of the Weald " is a full and faithful 
authority for the remainder of the district. These works represent the sum of 
our present knowledge, towards which many hard workers in the field of 
geological science have contributed ; among these may be mentioned Drs. 
Mantell and Fitton, Sir Charles Lyell, Messrs. Martin, Godwin-Austen, S. V, 
"Wood, jun. and Professor Prestwich. The works of Mantell and Lyell are well 
known, but many valuable papers by other authors may be found in the pub- 
lic^ti(ms of the Geological Society, in the pages of the " Geological Magazine," 
or in the Proceedings of the Geologists' Association of Lcmdon, whose members 
have frequently visited the county. 

General Arrangement of the Strata. In the account of the geology of 
Essex, Herts, and Middlesex, we have de.scribed how the chalk of the Chiltem 
Hills dips to the south-east under the Lcmdon clay : the same chalk strata 
rise again from below the tertiary strata, and form the North Downs, which 
have a gentle northerly slope, while their southern sides are comparatively 
steep and precipitous. With the South Downs the opposite is the case; their 
northern sides are steep, while their south slopes, except where abruptly 
terminated by the sea, are gentle. Further, lying between the two chalk 
ridges, we find two sets of beds, corresponding generally with each other,every 
one on the north with a corresponding bed on the south. The probable ex- 
planation of this, that at once strikes one, is that these sets of beds were once 
continuous with one another over the intervening space ; but that by the action 
of the sea, and subsequently by that of rain and rivers, the intermediate mass 
of rocks has been worn away. In tne strata of Middlesex we have an example 
of what is geologically termed a basin, or synclinal curve, the rocks having a 
trough-like arrangement ; but in Kent we get just the opposite of this ; the 
rocks have been bent into a saddle-shaped or anficlivfil curve, and once formed 
a dome-like mass, the top of which has been removed by the eroding agencies 
already alluded to. The oldest rocks, those which underlie all the others, will 
consequently be found about midway between the two chalk escarpments. We 
shall commence with the description of these, and gradually rise to newer and 
later-formed rocks. 

Nbocomian Formation. The Wealde7i Beda. The strata included under this 
term have a maximum thickness of more than 2,000 feet : they have been sul)- 
divided as follows, the different beds being named from places where they 
cover much ground, and are thick and well exposed. 

Feet. 
Weald clay 400to 1,100 

./ . Upper Tunbridge Wells sand (with Cuckfield 

"i ( clay) 100 to 200 

^ J Grinstead clay o to 80 

tL \ I^)wer Tunbridge Wells sand 30 t o 1 30 

.S j Wadhurst clay 100 to 180 

$ / Ashdown sand 150 

S ^ Fairlight clays 360 




KENT. 131 

It will thus be seen that there are two main divisions of the Weald en Beds, 
viz. (i) the Hastings Beds, and, above them (2) the Weald Clay. The entire 
mass from bottom to top gives evidence of having been depf)sitedin the estuary 
of a great river, for the fossils are either shells, such as Cyrena, Ifjiio, and 
Paliidina, which inhabit fresh water, or bones of crocodiles, or of a gigantic 
land reptile, the Iguanodcn. 

The HofUings Beds. — These are chieflv sandy, and occupv the south of the 
county. A line drawn through Chiddingstone to Tunbridge, and thence by 
Brenchley to Kennardington, would roughly indicate their northern boundary : 
thus their line of strike, or surface extension, has a direction on the whole 
from east to west. The dip or slant of the beds is of course at right angles 
to this, or nearly due north. The scenery of this tract of Hastings Beds is 
varied and beautiful : the ground is hilly, Tunbridge being 88 feet above the 
sea. Bounds 430 feet, and Tunbridge Wells 378 feet ; the hills to the north 
and west of this favourite watering place are considerably higher, as is also 
the neighbourhoo<i of Goudhurst. The alternation of clayey beds with those 
of sand has been the great cause of the variety of landscape which is seen in 
this district. Very fine natural exposures of the sandstone rocks are to be 
seen round Tunbridge Wells : those known as Harrismis Hocks, and Toad Rock 
on Rusthall Common, are striking examples. 




Fig. 41.— Section, showing the two escarpments formed by the Chalk and the Lower Green- 
sand, IJ miles west of Wefiterham. 

a Gravel. c Upper Greensand. e Folkestone Beds. sr Atherfield Clay. 

b Chalk. d Ganlt. / Ilythe Beds. h Weald Clay. 

• Sea level. 

Iron Ore. The ore known as clay ironstone occurs at the base of the Wad- 
hurst Clay, and a band of calcareous iron ore occupies about the same position 
in the Ashdown Sand : these two beds were formerly largely worked, but 
owing to the want of fuel (the woods having been almost used up) the smelt- 
ing and manufacture of iron came to an end in the Wealden in the first quarter 
•f the present century. Remains of the bell-shaped pits from which the ore 
was mined may still be seen in many woods. 

The Weald Cla.y.- This constitutes a low flat tract of land from four to six 
miles wide, which runs east and west by Tunbridge, Shipbome, Hunton, Frit- 
tenden, Pluckley, and High Halden to Romney Marsh : it is a brown or blue 
clay, ill drainecl and mostly in pasture: oaks grow well upon it. At Hythe, 
the top beds of the Weald clay contain a mixture of freshwater and marine 
fossils, showing probably a depression of the great estuary and the beginning 
of marine conditions. The strata dip gently to the north. 

The Lower Greensand. -The strata known by this name form a pictur- 
esque hilly ridge running from the coast at Hythe by Lympne, in a 
north-west direction to Sevenoaks, and then due west towards Westerhnm. 
The height of this ridge on the south of Sevenoaks is 666 feet, and a little 
further west at Brasted Chart, 8io feet. The following subdivisions of 
the Lower Greensand have been mapped by the officers of the Geological 
Survey. (See also fig. 41.) 
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Feet. 

I FolkeHtoQB Beds 90 

LowKH ISamlgate Beds 80 

Green3asii. 1 Hytlie Beds 120 

(Atherfielil Cluj 30 

The lowest stratum, or Atherfield clay (nBmed after a place in the late of 
Wight, where it is much thicker) ia seen resting on the Weald clay, on the 
south side of tlie esisrpinent. Above it come the Hythe Beds, which are by 
tar the most important: they mntain valuable beds of limestone known as 
"Kentish Kag," which are largely quarried at Maidstone, more than 50.0OO 
tons being annually sent awar from the neighbourhood 1 many London churches 
«re built of this material. The sandy beds which intervene between the layers 
of good building stone are luiowu as " hassock." The fossil shells Gereillia, 
Trigonia and Uxogyra are common here, and one quarry is known aa the 
" Iguanodon Quarry," from a fine apocimon discovered many years since by Mr. 
Bensted, and now in the British Museum. The Folkestone Beds are sandy, 
and are dug for building purposes, and tor glass-sand at Aylesford, Berstead, 
HoIIingboum. &c. 

Tfte Gaidi. Between tlie ridge formed by the lower greonsand, just 
described, and the chalk escarpment, there is a narrow and well-maAed 
valley : the bottom of this valley is formed by the gault. which is a stiff blue 




clay, 100 feet thick at Folkestone, where at Copt Point a fine section of this 
bed is seen resting on the Lower Greensand. It is highly fossiliferous, but 
the shelhi are diflicult of preservation: they should be soaked in a hot solu- 
tion of gelatine immediately after their estrnclion, Ammoailet »jiendenx and 
RoeteUaTia carinaia arc perhaps the most characteristic fossils. At Aylesford 
and Burhara fine sections arc eiposed in the brirk pita. 

7S< Upper Greeammd. This formation is very thin indeed in Kent. North 
of Folkesti^ne and in EastwearBay wo see greenish sandy l)eds, about to feet 
thick, lying above the gault. Inland there is no eiposure eicept in the brick 
pita where the gault clay is dug. 

The CMfc. -The chalk escarpment, abrupt to the south, gently sloping 
northwards, we have already alluded to : its height, north of Westerham. is 
812 feet : Knockholt, 783 feet mar Deptling 6^7 feet HoUingbourn Hill, 
606 feet; Charing. 640 feet Poddlesworth 626 feet Tolsford Hill, t,fyi 
feet ; Folkestone Hill, 575 feet 

The total thickness of the chalk (anes from 600 feet on the west of the 
county near Westerham, to yoa feet as shown in the cliffs on the coast. In 
the splendid sections afforded on the coast the following subdivisions may 
be recognised, commencing on the north in the Isle of Thanet and walking 
towards Folkestone : — 
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Feet. 

Chalk with few flintH (Margate) 80 

Chalk with many flints (BroadHtnirH to Dover) 350 

Chalk with few flints (Dover) 130 

Chalk without flints 270 

Chalk marl 70 

Chalk is a white, soft, earthy, very pure limestone : its structure is homo- 
geneous to the naked eye, hut when examined microscopically it is found t^o be 
composed of countless numbers of shells of foraminifera. It was probably 
formed in a deep and open sea. Between Knockholt and Orpington, the chalk 
outcrop is about 5 miles wide. Passing eastwards we find it broaden to about 
12 miles, running north right to the Thames at Dartford and Gravesend. 
From Chatham to Faversham the breadth north of the escarpment is from 4 
to 8 miles, but in East Kent it is again wide, stretching north nearly U) Canter- 
bury and Sandwich. Dipping under the river St^>ur, the chalk rises again 
to form the Isle of Thanet: it is also exposed at Cliffe in the Hundred of 
Hoo, and along the upthrow (south) side of a line of fault which extends from 
Lewisham to Woolwich Dockyarcl. BelemniteUa mucronata (fig. 42) is a 

characteristic fossil of the upper chalk at Margate 
and the Isle of Thanet ; it is a beleninite with a 
narrow slit on one side. 

In the valley of the Medway, north of Maidstone, 
the chalk without flints is largely worked, l>eing 
ground up andmixe<l with clay, when it fonns " Port- 
land ('ement." 

Tertiary Pkriod. The chalk ends a series of 
deposits clasHe<i as Secondary or Mesozoic (middle 
life), and the strata we have now Uy describe belong 
to an entirely different and later time, known as the 
Tertiary or Cainozf>ic (recent life) Pericxl : they 
^* cc^nstitute a tract of land from six to eight miles 

wide, running along the south side of the estuary of 
the Thames. 

Eocene Formation. The Eocene (dawn of recent 
life) beds contain the first traces of creatures identical 
with those now existing. The lowest Eocene beds are 
Pig. 42. -Belemnitella mu- ^^^ Thanet Sands : these were so named by Pro- 
eronata^ the "guard" of a fessor Prestwich, not be<ause they cover much grf^und 
oq[>halopod ; from the Upper jn the Isle of Thanet, but because no other tkx;ene 
^**^* strata <xMJur there, and also because in that region 

they are fairly fossiliferous, whilst, as we follow them westwards, fossils 
are found to V»e almost or entirely wanting: they are well shown in the cliflFs 
at Pegwell Bay, and again at Reculvers : everywhere they rest evenly up)n 
the chalk, and are seen to be fine grey or buff sands from 20 to 60 feet thick, 
with a bed of green-coated flints at the base. Where the covering of sand, 
however, is thin, the chalk has often been worn into pipes or hollows l^y the 
action of carl>onated water trickling down from above. Cypriva Morrimi is 
a characteristic shell. 

Woolwich and Reading Bedn. These rep<^se upon the Thanet Sands, and 
with the latter are finely shown in the great pits at Lewisham, and at 
Charlton, near Woolwich. There is a pit in Sundridge Park noted for the 
numerous fossils it has yielded, and the beds are also well exposed at Cobham 
Park and near Canterbury, and in the cliffs east of Heme Bay : they are from 
20 to 50 feet thick, and consist of alternations of mottled clays with sands and 
pebble beds : thick bands of oyster shells also occur. Ostrea hellcvacina and 
Mdania inguinata are the best known fossil shells. (See figs. 43 and 44.) 

CHdhaven Beds. — These are beds of flint-pebbles and sand, so named by Mr. 
Whitaker because they are well seen at Oldhaven Gap, west of Reculvers : 
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hollows, certain deposits which Professor Prestwich classed with the crag of 
Norfolk and Suffolk, but which Mr. Whitaker refers to either the Oldhaven 
beds or the Woolwich and Heading series. Fossils are few and imperfect, and 
the question of their age cannot yet be regarded as settled. 

The London Cfcy, --This is a stiff blue or grey clay. Under London it is 
4CX) feet thick, but 480 feet in the Isle of Sheppey : it forms the top of 
Shooter's Hill and the hills at Sydenham : it also constitutes the well-wooded 
tract lying between Canterbury, Whitstable, and Heme Bay : it is the top 
bed in the fine exposure at Loam-pit Hill, Lewisham, but the best place by 
far at which to study it is the Isle of Sheppey, provided always that the 
weather be dry and that the visitor has on a pair of " geological boots : " here 
it is seen to contain bands of septaria, which are nodules of impure carbonate 
of lime, and also much iron pyrites. The former are used in the manufacture 
of " Parker's cement," and the latter to make copperas. The London Clay is 
also dug at many points for brick and tile making. Great numbers of fossils 
have been collected at Sheppey, no fewer than 2CX) species of plants have been 
determined, especially fruits of palms (Nipadites eUiptictui most common), and 
many species of shells, as the nautilus ; also crabs, turtles, sharks, snakes and 
pig-Uke mammals. Of late years bones of some remarkable birds- have been 
found at Sheppey, whose bills were armed with teeth ! Near the base of the 
Ix)ndon Clay, Mr. W. H. Shrubsole has detected a layer of diatoms, beauti- 
fully mineralized by iron pyrites. 

Bagshot Beds. — The Lower Bagshot Sands may bo seen capping the London 
Clay in the cliffs near the East-end Coastguard station, in the Isle of Sheppey. 
Post-Tertiary Deposits. — The absence of the Drift (glacial clays and 
gravels) allows us at once to state that all the various beds of gravel, sand, or 
brick-earth, which rest in an irregular manner on all or any of the rock-masses 
we have been describing, are due to the agency of various atmospheric agents 
of denudation, of which rain and rivers take the chief place. Many of the 
gravel beds occur far up on the sides of the valleys, and so give us a means of 
estimating the amount of denudation which the rivers have effected. Thus the 
'* Bone-bed" at Folkestone is a deposit of marl and flint-gravel, which is ccn- 
eidered to have been deposited by the stream which now flows into Folkestone 
Harbour, no less than a hundred feet beneath it. The beds of brick-earth and 
gravel at Crayford and Erith are favourite hunting-grounds of London 
geologists : here many species of land and fresh-water shells occur, especially 
Cyrena fluminalis, now living in the waters of the Nile. Bones of large 
quadrupeds — the elephant, rhinoceros, bear, &c., have also been found. Ele- 
phant bones have occurred in the gravels at Aylesford and Maidstone. 

Of late years the sea has made considerable inroads on the coast-line ; 
Warden Church in the Isle of Sheppey has recently been removed in conse- 
quence of the recession of the cliffs, due mainly to the great land-slips which 
took place in 1856 and again in 1859. 

A deep well-boring at Crossness, near Blackwall, has lately afforded a 
splendid opportunity of discovering the nature of the rocks at a great depth : 
tfie beds passed through were :- 

feet. 

Eecent deposits 39 

Woolwich Beds 47 

Thanet Sands 51 

Chalk 637 

Upper Greensand 65 

Gault 176 

Red Marls (Devonian ?) 60 

1,07s. 
Prehistoric Man. — Numerous and important discoveries of the flint imple- 
ments, which are almost the only records we possess of the first inhabitants of 
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these islandH, have l>een mmle in the county of Kent : on the sea-shore 
between llerne Bay and Keculver more than a hundred of the early or 
Paladithic \\\)t of imnlements hare been picked up: they have undouV;tedly 
fallen from the gravel-Wls whidi cap the cliffs. The ^i^velsnear Canterbury, 
and those of the Dareiit and the Cray, have also yielded several sf^ecimens, 
and two have lH;en found in the brick-earth of Crayford: generally they are 
fashioned out of flint, and are round at one end and p<jinted at the other. 
The aveni^e length is from five to eight inches. At Cravforrl large nunil>ers 
of flint flakes and imjH;rfect implements have lately been found by Mr. 
Spurrell, under 37 feet of gravel and sand. 

Of the later, or Nf-dithU; Stone Peri<Hl, many finds of celts (axe-heads), flint 
flakes, arrow-heads, &c., are rnrorded from Bigberry Hill (Canterbury), 
Folkestone, Iligh-slreet near Chislet, Isle of Thanet, I^eds Castle, Maid- 
stone, Kamsgatcj, Ozengal, &c. : these rKviir either in mounds, where they 
were buriwl with the dead, or haphazfinl on the surface, liaving been lost or 
thrown away by their cjwners. 
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Geol. Mag., vol. x. pp. 64, 303. 
1879. Wilson, E. Age of the Pennine Chain. (ie(>l. Mag., pp. 501, 573. 

1879. Mackintosh, D. Erratic Blocks of West of England, <&c. Q. Journ, 

Geol. Soc, vol. xxxv. p. 425. 

1880. Dickinson, Jos. Rock-salt at Prcesal. Trans. Manch. Geol. Soc, vol. 

xvi. p. 26. 
1880. Watts, W. The so-called Arctic Peat Bog near Oldham. Trans. 

Manch. Geol. Soc, vol. xvi. j). 43. 
1880. Wild, Geo. -Marine Fossil Shells at Ashton Moss Colliery. Trans. 

Manch. Geol. St)C., vol. xvi. p. 37. 

See aho General Ijists, y/. xxv. 



^ 



Probably in no other county is the study of the rocks more important to 
the interests of the population than in Ijancashire. Most valuable deposits 
of coal and iron constitute the great wealth of the district, and have deter- 
mined its importance as a mining and manufacturing region ; the water-bearing 
properties of some of the strata are of great value to the inhabitants of the 
towns, while the nature of the soil, which results from the decomposition of 
the surface rocks, is of paramount interest to the agriculturist. 

Many minds have been occupied with the problems offered by the geologj' 
of Lancashire ; in the Geological Survey Memoir on the Burnley Coal-field, 
Messrs. Whi taker and Tiddeman give the titles of 561 books, papers, &c., 
published up to the year 1874, all written during the last two centuries, and 
by far the greater part within the last twenty years. Many of these have 
appeared in the Transactions of the Geological Societies of Manchester and 
Liverpool, in the "Geological Magazine," the Qmirterly Journal of the Geological 
Society, &c. The chief private contributors have been Messrs. E. W. Binney, 
J. Aitken, D. Mackintosh, G. H. Morton, and Professors W. C. Williamson and 
Phillips, while the work of the Government Geological Survey has been mainly 
executed by Professors Hull and Hughes, and Messrs, Aveline, Tiddeman, A. 
H. Green, J. R. Dakyns, C. E. de Ranee, and J. C. Ward. 

The maps of the Geological Survey give the most valuable information as 
to the position of the various rock-beds, and the memoirs descriptive of 
these maps are thoroughly reliable and full guides to a knowledge of the 
country they describe. 

It is not easy to give in a few words an account of the general nature, 
arrangement, and disposition of the rock-beds which form Lancashire. In the 
first place the outlying portion of Furness and Cartmel contains very old 
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strata, (of Silurian age), and properly belongs to Westmorland ; the rest of the 
county slopes down from the Pennine Range westwards to the sea, although 
this uniformity of surface is broken by lines of hills which run roughly from 
west to east, or at right angles to the Pennine Chain. The Pennine Chain marks 
a line of great upheaval, along or in the neighbourhood of which the lowest 
Carboniferous rocks have been brought to the surface, and as we walk west- 
wards we pass over the middle and upper Coal-measures, then over " red rocks " 
of Permian and Triassic age, and, lastly, find ourselves on a low plain close 
to the sea, composed of peat, sand, and clay, of very recent geological age. 

Silurian Formation. —The oldest rocks of Lancashire occupy the surface 
only in the extreme north-west of the county, but they doubtless extend south- 
wards beneath the later-formed strata, and probably form the floor on which 
the great Carboniferous series reposes, so that a boring at Manchester would 
strike, at a depth of 2 or 3 miles, the same rocks which rise up on the north 
in the mountains of the Lake district, and on the south-west to form the corre- 
sponding heights of Wales. 

The lowest Silurian rocks exposed are the Skiddaw Slates, which are so 
brought up by faults as to occupy an area of about i square mile imme- 
diately on the south of Ireleth in Furness. 

The strata called the Volcanic Series of Borrowdale (Green Slates and 
Porphyries of Sedgwick) form the north-west comer of the Furness district, 
lying between the county boundary and a line drawn from Duddon Bridge to 
Brathay Bridge ; this is a wild and mountainous tract, including Dunnerdale, 
Coniston Old Man (2,633 feet). Grey Friars, Dowcrags, &c. The rocks are all 
of a volcanic nature, consisting of old lavas and consolidated ash-beds, the 
latter yielding good slates. These beds contain no fossils, but include valuable 
mineral veins of copper and iron ore. From the copper mine near Coniston, 
646 tons of ore were raised in 1877, valued at ;^3,373. 

The Coniston Limestone Series. — The distinguishing rock of this series is a 
hard compact blue limestone, which can be readily traced from Duddon Bridge 
by Broughton Mills, Appletreeworth, and Ash^hyll to Coniston, Pull-wyke, and 
the head of Windermere ; including the associated beds of shale, the average 
thickness is 300 feet. Fossils are numerous, and are best obtained where the 
limestone has been exposed for many years to the influence of the weather, 
as in the stone walls ; for the freshly-quarried rock is compact and shows few 
traces of organic remains, but these being harder than the rest of the stone, 
" weather out " in course of time ; they include corals, brachiopod shells, and 
Crustacea. In the Furness district the Coniston Limestone is clearly seen to 
lie unconformably on various members of the Borrowdale series : it has a 
south-easterly dip at a high angle, and so forms a band at the surface of 
only 100 or 200 yards in width. East of Ireleth the Coniston Limestone 
appears again as a narrow band ranging north and south for a distance of 
3 miles ; here the shale beds are well developed, there is a remarkable 
band of ashy sandstone, and the top bed of all is conglomeratic. The Coniston 
Limestone is useless for lime-burning ; it was formerly made into cement at 
Broughton Mills, but is now chiefly used for stone walling. 

The Stockdale Shales are of a pale colour and rather sandy ; they are of in- 
considerable thickness and contain no fossils ; they repose everywhere upon 
the Coniston Limestone. 

Coniston Flags and Grits. — The thickness of these beds is about 6,000 feet. 
They extend from Broughton-in-Fumess to Brathay and Coniston Lake, and 
thence southwards to Colton, Lowick Bridge, and Ulverston. The flag quarries 
at Brathay are well known, and both flags and slates are worked 2 miles 
further south in the Coldwell quarries, which is a good locality for fossils, 
especially (fragmentary) trilobites. Speaking generally we may say that 
sandstones prevail in this division, which forms a hilly and somewhat barren 
tract. 

Next come the Bannisdale Slates^ which lie still further to the south-east; 
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they undulate between Coniston Lake and Windermere, extending southwards 
by Newby Bridge to Cartmel, and eastwards across the Winster. They 
consist of flags, shales, and sandstones of great thickness (5,000 feet), with 
few fossils. 

Owing to the general similarity of the strata, and the scarcity or ill-pre- 
served condition of the fossils, the task of mapping accurately the sub- 
divisions of the Silurian rocks of the Furness district proved a very difficult 
one ; great and numerous disloaitions or faults have also occurred during the 
various elevations and subsidences which these old beds have undergone 
since their original deposition and consolidation ; as a consequence of this 
rocks of very dissimilar age and nature are often brought into juxtaposition, 
which led an Ireleth farmer to declare that there was " every sort of stone 
that God Almighty ever m.ade, lying on the hill at High Haume." 

Carboniferous Formation. The close of the Silurian Period was marked in 
Western Europe by an upheaval of the land, resulting in the formation of a 
continent, whose western limits probably extended further into the Atlantic 
than those of the British Isles. In groat depressed areas on this old conti- 
nent the Old Red Sandstone was deposited in inland fresh waters, but the 
Lancashire area apparently then formed dry land between a lake in Hereford- 
shire on the south and one in Central Scotland on the north ; the red beds of 
conglomerate which occur in the Lake District are now known to form the 
base of the Carboniferous Formation. 

Carboniferous Limestone. — The Mountain or Scar Limestone rests upon the 
Upper Silurian rocks ; it consists of massive beds of limestone 20 to 
300 feet in thickness, separated by thin layers of shale and sandstone ; 
the total thickness is about 3,000 feet. We find this rock in the south of 
Furness between Ulverston, Dalton, and Baycliff ; then crossing the Leven 
we see it extending from Cartmel to Lindal and Flookborough, and from 
Amside to Burton and Warton. In all this region the Limestone has a pre- 
vailing south-easterly dip, and passing in that direction under newer rocks it 
rises up again, forming the axis in each case of the anticlinals of Slaidbum 
and Clitheroe. The limestones of Pendle Forest, both black and white, are 
lai^ely quarried, and make excellent lime ; the lime from the lower or black 
limestone is preferred where whiteness is an object, the carbonaceous matter 
to which the colour is due being completely removed by burning. At many 
sections in the neighbourhood of Clitheroe, the limestone beds are seen to be 
bent or contorted in a remarkable manner. The fossils of the Mountain 
Limestone include great numbers of crinoids, of which the broken arms or 
stems are alone usually met with, the *' heads " being rare, brachiopod shells 
such as ProducttLS, Chonetes, Spirifera, &c., lamellibranchs, gasteropods, and 
cephalopods, including above 300 species, which have been diligently collected 
by Mr. James Eccles, F.G.S., and other working palaeontologists. 

H(Bmattte Iron-Ore. — Enormous deposits of red haematite or kidney-iron 
ore (peroxide of iron Fe^ O3), occur in connection with the Mountain 
Limestone of Furness. The quantity of the ore and its suitability for the 
Bessemer process have led to a great development of the mining industry of 
this region within the last ten or fifteen years. The ore occurs in caverns or 
fissures, or filling irregular hollows or pockets in the rock. It has without 
doubt been deposited in its present position by water ; fossils are often met 
with which have been partially or wholly converted into haematite, a change 
which we can only explain by the action of aqueous agencies ; the ore is much 
softer than that of the Whitehaven district, being chiefly worked by the pick, 
while the Whitehaven ore has all to be blasted. The chief mines are at 
Lindal Moor (Harrison, Ainslie, and Co.), Park (Barrow Haematite and Steel 
Company), Roanhead and Askham, Stank, EUiscales, &c. In 1877 there were 
raised 933,000 tons of ore, value ;£65i,i7o. 

The Yoredale Beds. - It is difficult in North Lancashire to define closely the 
upper boimdary of the Mountain Limestone ; it has been drawn by the 
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Oeol^iml Sun-ey M. the point where slmles begin to predominate, and to 
certain 1»eds of grit., ahiilc, and limestooo which Ho bIhu-b, t he naino of YoredaU 
Sfriea is applied. These beds iiro from z,ooo to 3.1XX) feet in thickness ; the 
lower and upper diviHionB are grittv, lietween which black shales occur, being 
best developed on the fell-sides of Bowland. 

The Yoredale Grits form the high ground of Pendle Hill, 1,831 feet, aod 
eitend thence across the Kibble to Bilwhester; further north they occur 
round Wennington. between Burton and Camforth, &c. The black Yoredale 
shales of Bowland have hcen frcquonlly mislnken for Coal-meiiBures, and 
lufi remains of shiifls which have been sunk in search of Coal-seams may 
1 in the basins of the Rihbla ami the Hodiier; Poaidonomya Gibioni\e a 
n fossil shell here. 




MiUitone GtU.—IYib following grouping of the members of this well-known 
leries ts lliat generally adopted ; it is by Professor A. H. Gteen ; — 

Rough floot. -Almost invariably a coarse and massive felspathic grit, 
about 100 feet thick; a band of flagstone frequently at the base ; 
called also Firat Grit. Seam called Feather^adge Coal near top 
which has lieen largely worked north of Rochdale. (See fig. 46.) 

Shalei. 

Second Grit.— A somewhat variable group of finely grained sandstones 
and shales. 

SbaUe. 

Tktrd Grit <or Haslingden Flags). A coarse massive grilstons between 
200 and 300 feet thick, remarkable for its regular jointing and 
bold wall-like escarpments. Fine flaggy Wis at the base, and a coal 



Foierth. or Kinder-Scoui Grit.- Coarse, often conglon 
with occasional beds of flagstone. Where most 
in two beds with shale hetween -, 500 feet (hick. 



suuth-v 
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These beds run Hlong the easlera boiuidHry <jf Ijinwishire ffom near Colne 
liy Boulsvorth Hill (1.700 feet )■ BUck HamltWon (1,573 feet), to BInckgtone 
Bie;e<i.55ife=0- (See fig. 47.) 

From Tudmonlen n line of hills formed of MilUlone Grit runs (westwards by 
Haalingden to near Chorley. foroiiot; the " Russendale Anticlinal," vhich 
Bepamtev the Burnley eoal-fleld from the larger (^oal-measure area of South 
lADcashire. In the north of the county again these coar^se satidstoneH occupy 
H eonsiderahle region hetveea Lancaster and Garstang on the vest and the 
Jtleasdaie Moors. Littledate Fells, and Tuoetall on the east. In this northern 
diHiricI the Sefund and Third Grits are so split up bv shale-beds aa to be better 
gn^iiped under one heacl and called '* Middle Grits. 




a Voiedale Bi 



■a Bdire, Bhawii^^thfl*' 






iS of l>eds of 
r Hull 



Profeai 



rum the Worsley Four-feet 
iting of flags, shales, and thin 



Cenl-iHtiuuTtt. We now enter un the TOtisidcrat io 
dhale and snndatune of great thiclmess, vhose econom 
the fact that they include numerous workable seams < 
recognises the folloving sub-divisions: - 

U^er Coat-iiifaiiuTrs.—The shales, sandstoaes. cual-Hi«ams. and limestones 

of Ardwiek, near Jlanehester, 2.000 feet. These beds are distinguished 

by their red or purple tint. 

Middle Coal-Hieaaur/a, including the stia 

coal to the " Arley Mine " seam, 3,00 

Lomer Coal-ineaimrft or Ganniitrr Btds. c< 

cunis (the Mountain mines), with ma 

All the CHrl>oniferou8 Simla of Lancashire were originally deposited in a 

horizontal position ; first the Carboniferous Limestone was ac<Munulated in a 

tolerably deep sea, whose floor was formed of Siltuian rocks ; as this sea was 

shallowed by the continued deposit on its Imttom of the remains of the couni- 

less myriads of shells, crinoids. &c,.which now constitute thick beds of limestone, 

it became the recipient of quantities of mud and sand brought by rivers and 

marine currents from a neighbouring continent, and so the Yoredale beds were 

formed ; then in the Millstone Grit series we flnd in the thin coal-seams eridence 

that parts of the sea-bottom became land, un which a rank vegetation grew and 

decayed for many generatioTjs. 

During the formation of the Coal-measures, more general land conditions 
appear to have prevailed ; a!l this country then probably presented the appeals 
once of a low flat marsh very little above the sea-level, on which plants of a 
low degree c)f organization (eryplogama) flourished with eiceeding luxuriance. 
But there was no fiiity of level ; the land at irregular intervals underwent 
depressions of a few feet, and the accumulated vegetable growth of many years 
was covered over by a layer of sand or mud. on which a new forest grew ; and 
this must have gone on for perhaps a million of years to allow of the accumu- 
hilion of the S.ooo feet uf strata which form the'Coal-measures of Lancashire. 

At the close then of the Carboniferous Epoch, alt Lancashire, together with 
a surrounding area of great ezt63t, probably including the greater part of the 



LANCASHIRK 145 

British Isles, was roiuposecl of horizontally spread-out wirhoniferoiis strata. 
At this tiftie Professor Hull has shown that ^reat pressure was exerted on 
those rocks from the north and south, by which they were thrown into folds 
running east and west, or rather, in Lancashire, from a little north of east to a 
little south of west. The tops of these folds the anticlinals as they are 
geologically termed, would be much fissured and very much exfH)sed to 
denudation; and in fact they have since been worn away, so that the axes of 
these anticlinals are now usually found at the bottoms of valleys, while in the 
synclinal curves which ar<^ the bottoms of the original folds, we have a structure 
well calculated to resist the denuding influences of the atmosphere and the sea. 
This is the origin of the lines of hills which run across the western p»irt of 
I^ncashire from south-west to north-east, of which the Fendle range is the 
best example. (See figs. 3 and 4). 

The present Coal-fields ow«i their preservation to their lying in the hollows 
or synclinal folds ; they once stretched continuously all over the county, but the 
exposed portions have been worn away, and so the great S<^uth Ijancashire (^ojil- 
field has been sejiarated from that of Burnley, and this again from the little 
coal basin of Ingleton and Black Burton in the north of the county. 

The total or combined thickness of the workable coal-seams of Ijancashire is 
estimated by Mr. Dickinson at 62 feet, divided into 18 seams; he estimates the 
quantity remaining to be worked (at a less depth than 4,cxxD feet) at five 
thousand millions of tons. The amount raised in 1877 fr(»m 517 collieries was 
17,621,531 tons, at which rate the coid will })e exhausted in three centuries. 

Lancashire contains the deepest coal-mine in the British Isles, that at 
Ashton Moss Colliery, where the c(ml is got at a depth of 2,691 ft. There 
is another very deep shaft in the sjime district at Rosebridge, near Wigan, 
where the " Arley Mine" is worked at a depth of 2,445 ^*^®^ • ^^'^ temperature 
of the rock at this depth, as shown by thermometers deeply embedded in it, is 
93^°F. ; the average temperature at the surface is 49^P\, so that there is an 
increase of tempeniture at the rate of i^F. for every 54 feet we go down. The 
temperature of the working galleries at the bottom is, however, only 79*"^., 
owing to the ventilating air-currents, and it seems probable that we shall be 
able to work coal down to a depth of 4,000 feet. 

Among the Lancashire seams, the (^annel coal of Wigan is the most valuable; 
it is 3 feet thick at Wigan, but thins in every direction from that town. Next 
comes the ** Arley Mine " from 3 to 5 feet in thickness, and of great horizontal 
extent ; it is called the'' Little Delf," at St. Helens, the " Riley Mine " at Bolton, 
the "Dogshaw Mine" at Bury, and the *' Fulledge Main-cojil " in the Burnley 
basin. 

We may now briefly consider the separate divisiims into which the Coal- 
measures of Ijancashire have been thrown by the great upheavals along lines 
running east and west to which we have already alludejl, and which t»)ok place 
after the deposition of the Coal-measures, but before the formation of the 
Permian strata. 

South Ixtncashire Coal-field. Only the northern half of this great basin rises 
to the surface ; the* southern extension of the beds is covered over by Permian 
and Triassic strata, whose thickness may long prevent the (\)al-seams being 
worked between Manchester and Newton on the north, and Warrington and 
Stockport on the south, altlumgh there is little or no d<)ubt but that the 
Coal-measures stretch underground southwanls of the Mersey, rising up 
against a ridge of old rocks for whose prolMible existence between Congleton 
and Chester Professor Hull has given good reasons. Quite recently it has 
been found, by l)oring, that the Coal-measures lie r)nly 340 feet deej) below 
Warrington. 

In consequence of the basin-shaped arrangement of the strata, older and older 
beds crop out as we go from south to north. I^eaving the Upper Coal-measures, 
which only occur near Manchester, we pjiss over the valuable tract of Middle 
Coal-measures, ranging from Oldham to BolTon,Wigan, St. Helens, and Prescot, 
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tben Che Gnnnister series rises up at Roclidale. Bury, und Coppull, and lastly 
the MillstoDO Grit fomut high moorlaoda, separating the district from the 
Bumlej coal-field further north. The boundaries on the east and west aro 
great faults ran^ng from north to suuth, nhich vere formed after the Permian 
Epoch. (See Figs. 47 and 48.) 

Bartdey CoaU^id. — This also lies in a hollow, baein, or trough ; theBouthem 
boundary of MilUtone Qrit which separates it from the great South Lancashire 
coal-field we have just mentioned; the beds similarlj rise on the north, and 
first the Millstone Grit, then the Yoredale beds, and lastly the Mountain 
Limestone form tbe Peodle Range and the country round Clitheroe. The towns 
of Burnley. Padi ham. Accringtun, and Blackburn, are the most important on 
this coal-field. 

Coal-jield 0/ Inghtim and BUkIc Burton.- The work of the Qeoli^cal 
Survey has shown this small coal-field to be of much larger area than vaa 
originally supposed, and it may include from 15 to lO square miles, but the 
counti^ 18 deeply covered by drift, and few sections of the beds are visible, 
those in Cant Beck and along the river Greeta being the best. Two coaU 
seama, the lower or " Deep c™l " (6 feet thick), and the " Main coal " (4 feet 



thick), have been worked along the Greeta, east of Black Burton ; here they 
dip to the north at 10 degrees, but their further extension is unknown. 

Besides the great quantity of coal mentioned shore as having been raised in 
Lancashire in 1877, there were also obtained z.500 tons of iron pyrites (eoal- 
brasses), value ^1,250; also 111,478 tons of fire-elav. and 1,520 tons of oil- 
shales. 

Pbrmhh Formation. - -The Permian strata can be traced resting on the Coal- 
measures along the southern margin of the South Ijincashire coal-field, from 
Sutton near St. HeSens, by Haydock, Edge Green, Astley, and Manchester, to 
Stockport. The lower beds are bright-red sandstflnes, well seen at CoUyburst 
near Manoheater,ftbove which, at Worsley, are red marls, with numerous banda 
of fossiliferous limestone containing dwarfed specimens of the shells Sehisodm, 
BakBiidlia, *e. 

In North Lancashire Permian beds form the southern end of the Fumess 
promontory, and Walney Island, though at the latter pbice they are not visible 

at the surface, being deeply coveret' i— ■'■- ■'-;''- "■■ ;■— ': < — i— 

been quarried at Old Holebeck, 1 
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sandstones are largely worked at Hawcoat, for the new docks and buildings 
at Barrow, while in former ages they yielded the material for Fiimess Abl>ey. 
At Kampside a boring has been put down to the depth of 2,210 feet in search 
of coal ; at the depth of 250 feet a spring of water was cut in the Permian 
Red Sandstone, which yields 13,500 gallons of water daily ; the beds beneath 
the Permians were found to be the Yoredale series, the Coal-measures being 
absent. Connecting these two regions we find Permian beds (i) around Gar^ 
stang and Wateby ; (2) as an outlying patch of about 2 square miles round 
Masongill and Ireby, on the Ingleton coal-field ; (3) at Roach Bridge, on the 
river Darwen ; (4) at Waddon Hall, near Clitheroe ; the two last-named are 
very small patches, but they suffice to show the former extension of Permian 
beds all over Lancashire, and have been preserved by their position on the 
downthrow side of great faults. 

Origin of the Pennine Chain. — After the formation of the Permian strata a 
fresh series of great earth movements took place, accompanied necessarily l>y 
some dislocation or "faulting" of the betls; the lines of upheaval were now 
in a north and south direction, and the chief elevation took place along what 
is now the Pennine Cliain. J^t the time of their formation the Coal-measures 
and Permian strata of Lancashire were one continuous sheet with those of 
Yorkshire, but all these were swept oflF the top of the great fold which was 
raised from the Cheviot Hills due southwards to Buxton and Matlock, and so 
the coal-fields of Lancashire and Yorkshire were dissevered. 

One notable result of this elevation is the Anticlinal Fault, along which 
the Burnley and South Lancashire coal-fields end abruptly on the east, and 
which can be traced from Colne along the western slopes of Boulsworth Hill, 
and Black Hambledon, across the vale of Todmorden, along the western 1)ase 
of Blackstone Edge (see fig. 47), and thence southwards to Leek and AVetley 
in StafiPordshire, a total distance of 55 miles. The rocks on the east side of 
this fault have been ele\*ated about 1,000 feet al>ove their normal position, and, 
being the hard sandstones of the Millstone Grit, thev have well withstood 
denudation' and so form the hills and bleak moorlands which constitute the 
eastern boundary of Lancashire. 

The Trias ; or New Red Sandstone. — The beds we have next to describe 

form a broad and comparatively low district on the west side of Liincashire, 

from Preston, by Ormskirk, to Liverpool, and thence along the valley of the 

Mersey eastwartls to Manchester. These Triassic strata have been arranged 

under two heads : — 

V -n J ( Keuper Marls. 

Keeper Beds I Keu^r Sandstone. 

( Upper Red and Mottled Sandstone. 

Banter Sandstone < Conglomerate or Pebble Betls. 

( Lower Red and Mottled Sandstone. 

The lower or Bunter beds are noted for the quantity of water they contain, 
and they have been tapped at several points, especially near Liverpool, by 
deep borings, from which great quantities of water are pumped ; at present 
above seven millions of gallons daily are obtained at Liverpool. 

Within the last few years many lK)rings have been executed by Messrs. 
Mather and Piatt of Manchester in the neighbourhood of that town, and at 
Ormskirk, Warrington, St. Helens, &c., in the sandstones of the New Red, 
and almost invariably with the result of obtaining a good supply of 
water. 

The various divisions of the Trias are traceable at the surface only with 
great difficulty, for the low country they form is for the most part deeply 
covered by drift deposits. Their aggregate thickness is about 2,000 feet. 
The Bunter Sandstones are largely quarried near Liverpool ; the Keuper 
Marls occur in the country north and south of the mouth of the Ribble, being 
here of a greenish-grey colour, with few red layers. At Preesal, i^ miles 
south of Fleetwood, a boring passed through salifernus marls for 258 feet, 

N 
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Hiid then tlirougli a66fuet of rock-salt witli Inyeni ofnlmlo; this deposit i™ of 
Che aarno geolofcuiil nge hh tlio rock-iuilt of Chualiire. 

Fossils are Hlniost unknown in the Triiis, uml thin fiict «nd tlia oocasionnl 
preaencB of salt in tliu upper beds lemls probability to PcofeBsor RumBay's 
view tluit the ntnitii wtire furmeil in inland salt lakes of great eitent. 

Great moTements of (he earth's crust luive taken place since the Triaabic 
time ; the faults causwl by these ure very numerous, and cross the Lancashire 
coal-field in a direction from nurth-west to south-cast ; one of these fouiu, 
with a great dowii-thru« to the west, fomu the vcsCem Iwundary of tlie 
Cual-measorL's, hringin{( the Bunter 9andtitoDes to a level with (hem. 

Tub Glacial Deposith, or DKirr.— The most puzzling geological depoaits 
of LanoLshire nre the irrejiular but often thick masses uf clay una sand 
which lie at randum upon the edges of Che solid rocks. These deposits ara 
must full V developed in tlie pbiinsof West Lanrashirs : the lowest is a dark 
loaden-coloared clay cnlled tlie Till ; it occurs at elevations of loo feet md 
u^jWHTilti only, coatBiuii angular blocks of local 
origin but no shells, and seems to have been 
formed by n sheet of Innd-ice. Upon it rests 
the Lowrr BovUer Clay, of reddieh-brown 
colour, with many sloiies and boulders of I^ke- 
diB(ric( Biekii ; it is Hiiuly exposed in the cliffs 
nurlii of BlachixKiI, It. often atratided, and the 
stum'-, though striated, are 
purily rounded. Hence itwould 
BtLm to tell us of a period of 
submergence, when ice drifting 
friimllie north and east dropped 
j[» Htoiiy enrgu in a sliallow sea ; 
Nlir'llH i.f cold-water species are 
nut imiumnion. (Figs 49 and 5a) 
7'A'' Miiyie Drift ^«<^ «*' 
(iniiTl macks a mild period, 
when the glacial cold 
lui<l decreased, ll is 
les as much as 
.70 fei-t thick, but is 
'often alraent. The mol- 
liiscaa remaios show h, 
mixture of northern and 
southern shells. It in 
cuniiiionly false-bedded. 
Thr Upper Boulder 
Clay is sometimes 100 
. the surfaces or joints 




(Hlddla Diiltl. 



Soulder L'lAf , go foot. 



; these 



feet thick. It is uf a dull red tint, weathering 
which may be exposed to tliu air Vi a bluish-white, 
but ghiciated stones ana stiell fragments are comi 
largely dug for brick-maktng. Oeolugtsts are now agreed in ascribing; 
boulder clays to tliu action ot ice in some form or other, and we often flnd 
IiBCes of the passage of ice orer the solid rocks beueatli in the shape of deep 
grooves or striations ; many such have been noted on the Bunter ^ndstone 
near Liverpool, at Salfonl, &c,, and on tlie hard Iiower Carboniferous rocks 
of the centre and north-east of the county. The drift is not nearly so 
widely spread or tliick on the hills or "Fells 11a on the low phtins ; travelled 
blocks can be traced up to a height of 1.300 feet on Boulsworth Hill and 
Black Hambledon. Tlie movement of the (('"^'ers or icebergs was dearly 
from north to south ; the liouldera are mostly lakc-diatrict rocks, especially 
the Eslulale Granite and felspathic masses from the Borrowdale series. Other 
gtnnite boulilera nre like the stone of Criffel in Kirkcudbrightshire; great 
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Dumbera of these oecur at Blackpool nnd Liverpool. Many of these intorosting 
" erratiea " are yearly deslroyetl for road-mending or building ; it would be 
well to preserve the more remiirkable specimenH. At Preston a fine granite 




Boulder aij. f 



Driit Dcpoiilu in lbs Banki of ibc Kibble, below BilKbeatsr. 

i olHj. apparenilj UmliiMsd, reacinB on the nDderirlng ram] wltb sn 

ivi>n weri-delliKd line 0' demnnaUlon. K vt tfil i«( thick. 






(LowerTlllor iDwk Mvn™ mrt 
Boulder Clay. ) uigalBC pebble* 

boulder measuring 5 hy 4 by 3 feet ana lately been removed lo one of the 
public parks. 

Xinety species of shells are recorded by Mr. De Eance from the Glueial 
Drift of Lancashire. 

Post-Glactal Jiiiroin!s.—1o these belong the terraces of allurium or old 




ir miida seen ranged one above the other along the valleys of the Inrell, 
Mersey, and Bibble, together with the Uter-formed muds aoil gravels nearly 
on a level with the present beds of those rivers. (See fig. 51.) 

Dunes or sand-hillfl, formed by the wind, occnr on the coast between tOe 
montbs of the Mersey and Ribble, and a^in at Lytham and QOrtli of 
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Blaokpoo! ; they are from 30 In 80 feet in ticig'nc, and ezland inland fur = 
miles : the sands of Shirdley Hill nnd Aintree are probBtlj Hucient tand- 

Pmt.- — Eitenaive beds uf peat occur in sonth-vest Lancashire forming uliav 
are called ■' mosses." as Chat-Moss. Sefton Moss, &c. This peat is chiefly l!i8 
result of the growth of a kind of moss called Sphagnum ; the peat lands are 
now mostly drained, and yield excellent crops of potatoes. Trunks and 
stumps of trees are frequently found in the peal, as at the mouth of the riva^ 
Alt, and. indeed, at many points on the Lancashire coast, forming " sulimerged 
forests." A bed of peat covered by lioulder-clay has been discovered at 
Rhodes Bank, Oldham, at a heicht of 570 feet abore sea-level. It is ctpi- 
sidered possible, however, that this overlying boulder-clay was not formed 
where we now see it. but tliat it has slipped down upon the peat, so that the 
latter may after all be the newer of the two deposits. 




Pkehistohic Mah. — Specimens of the stone tools which were used by the 
earliest human inhabitants of our islands have not occurred very plentifully in 
Lancashire. All which have been found belong to the Neolithic or newer 
atone age. Celts or stone aie-heai!s have been found at Toiteth (claj-slate, 
4 inches long), Shaw Hull near Flixton (13 inches long by 3 wide and z thick), 
Newton (compact slate, 17 inches by 3 by 3) ; an aie-head of porphyritio 

Seenstone perforated for a liandle from Ayside near Newbj Bridge, Win- 
rmere, is in the collection of Mr. John Evans j others have been found at Dean 
near Bolton, Hopwood, Chiughton Hall, Garstang, Wrnwick near Warrington, 
and Haydock near Newton. Stone querns 01 hand-mills for grinding meal, 
made of the rough sandstones of the Millstone Grit, have occurred ut one or 

The above-named objects are of a large and conspicuous nature ; it more 
attention were given to the subject no doulit such smaller specimens, as fiint 
arrow-heads, scrapers, knives, or flakes, would be foimd ; already, indeed Hr. 
Jolm Aitken has found some on Tooter Hill and on Bull Hill near Bacup. 
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The rocks of Leicestershire are more varied in age, character, and composi- 
tion than those of any of the adjoining counties. Proliably no district could 
be chosen which would better illustrate the effects of geological structure 
upon the life and occupations of its inhalntants. Fine local collections of 
rock-specimens and fossils may be seen in the Leicester Town Museum. 

If we take a brief general survey of the county, we shall find the rocks fall 
into five broad divisions : — 

L In the north-west rises the hilly, almost mountainous region of Cham- 
wood Forest, composed of igneous and metamorphic rocks. 
II. Westwards of Chamwood, and extending across the western boundary 
of the county into Derbyshire, the Coal-measures, with their accom- 
panying beds of shale and limestone, form the region kno\vn as the 
Leicestershire Coal-field. Some pebbly beds of a rather later geo- 
logical period — the Permian — also occur here. 
Til. "Red Rocks," of the Triassic age, form much of the land north, east, 
south, and south-west of Chamwood, covering, in fact, all the western 
half of the county not occupied l)y I. and II. The river Soar may be 
regarded as the eastern boundary of this division. 
IV. In the eastern half of the county, stiff bluish clays of Liassic age pre- 
ponderate, with a hard bed of marlstone ; whilst above them, in the 
extreme north-east, and in one or two outlying patches elsewhere, 
sands and limestone of Oolitic age are found. 
V. Lastly, scattered in varying thickness and with great irregularity over 
all the rocks already mentioned, there are beds of clay, gravel, sand, 
and pebldes, which we call Drift relics of the last Glacial period 
and submergence beneath the sea. The alluvial deposits of our 
rivers — still in course of formation — bring our geological history 
down to the present day. 
Let us now consider each of these great rock-divisions a little more in 
detail. 

The Crystalline and Slaty Rocks of Ciiarnwood Forest. These have 
long been regarded as a geological puzzle ; no fossil remains have ever been 
found in them which we might have compared with those found in rocks else- 
where. In structure they somewhat resemble the Silurian beds (Borrowdale 
Series) of the Lake district, but discoveries made within the last few years 
render it almost certain that these Chamwood rocks are of very high anti- 
quity, belonging, in fact, to the Pre-Cambrian Formation. In appearance and 
composition, they present a remarkable variety, and the question of their 
origin has not been less debated than that of their age. Extending from 
Blackbrook on the north-west to Bradgate on the south-east, a distance of 
about 7 miles, a line can be traced, dividing the slates, &c., which can be 
seen to dip or slant to the north-east from those which dip to the south-west. 
This is, therefore, the line along which the original elevatory forces specially 
acted when these rocks were upheaved. Eastwards of this anticlinal line we 
find coarse gritty slates, "ashy " in character, at Moorley Hill, Nanpantan, 
&c., passing into finer-grained slates further south and east. At Whittle Hill 
the grain is very fine and close, and the " Charley Forest Hones," which have 
a high reputation, all come from a little quarry here. At Swithland there 
are some large and deep slate pits, from which fine slabs are obtained, but as 
the grain is not so fine as that of the Welsh slates, it is not so well suited for 
roofing purposes. Good slabs of slate are also got at Groby, and one or two 
other spots. 

It is as a source of what is popularly called " granite," that Chamwocjd 
Forest has become especially celebrated. Mountsorrel is, however, the only 
spot which produces a rock entitled, mineralogically, to this name. If we pick 
up and closely examine an ordinary piece of Mountsorrel granite (there are 
two varieties, a greyish-white and a red, either will do), we shall see opaque 
oblong crystals of felspar, which can >»e readily scratched with a penknife ; 
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other crystals, colourless and glassy, of great hardness, which are quartz, 
whilst a little clear green hornldende is interspersed. Here and there are a 
few black glistening specks of mica, and it is the presence of this last-named 
mineral which entitles the Moimtsorrel rock to the name of granite. The 
"face " of rock which is being worked is distinctly visible from the Midland 
Railway, and a very large number of workmen are employed : the stone is 
broken up into cubes and kerbs for paving purposes. At Groby and Markfield, 
there are also large qimrries. The stone here is a true syenite, being composed 
of pinkish felspar, and green partly decomposed hornblende. Cropping out 
at intemils for some nine miles south of Chamwood Forest, we find several 
small bosses of a very fine-grained syenite at Enderby, Croft, Stoney Stanton, 
Narborough, and Siipcote : quarries are being rapidly opened in this district, 
and the stone is very tough, and cleaves into cubes with great facility. The 
researches of Professor Bonney and the Rev. E. Hill have shown that the old 
rocks of Chamwood are of volcanic origin ; most of them are volcanic ashes 
ejected from numerous cones and accumiUated chiefly on land, but partly 
perhaps in small lakes. The anticlinal axis which traverses the Forest from 
north-west to south-east is also a line of fault, the strata on the west of it 
having been upheaved from 500 to 1,000 feet above those on the east. The 
finegrained ashes and flinty slates of Blackbrook and the Old Reservoir are the 
lowest beds of all ; above these come coarse ash-beds and masses of agglome- 
rates, wonderfully developed in the region round the Monastery, and probably 
marking the neighbourhood of some of the cones ; higher still are banded 
slates and the quartz-grit bed seen at Steward's Hay Spring, the Stable Quarry 
Bradgate, and the Brande ; while the workable slates of Groby and Swithland 
are on top of all. The total thickness may be estimated at 10,000 feet. 

The rock at Brazil Wood should be called a " micaceous schist" rather than 
"gneiss;" it contains numerous garnets, and can be traced passing into a coarse 
slate, just like that of Swithland. 

The granite, syenite, &c., is clearly intrusive, breaking through and altering 
the beds of grit or slate. 

There are many spots on the Forest wliere hard stone suitable for road- 
mending coidd be worked to great advantage, but much judgment is required 
in the selection. The comparative nearness ought to command the custom of 
the east and south-east of England ; and with improved conmiunication the 
future will, doubtless, see a great development of the special industries of this 
district. The rocks of Charnwood probably extend beneath the surface far to 
the south and east ; so that endeavours to find coal due east of Leicester 
will certainly be futile. 

n. The Leicestershire Coal-field. — When the seams of coal, with their 
accompanying strata, were first deposited, they doubtless stretched continu- 
ously all over the region of Chamwood Forest, and were connected with the 
Nottingham Coal-field. Since the upheaval of the Forest district all the 
coal-beds which once covered it have been swept clean away — denuded off — 
together with a vast thickness of the syenites and slates themselves, until now 
not a patch of coal is left on that area. The lowest bed of the great Cai> 
boniferous formation is the Mountain Limestone^ which is found cropping out at 
inten'als to the north-west of Charnwood, at Grace Dieu, Osgathorpe, Barrow, 
Breedon Cloud, and Breedon. This limestone is very impure, containing much 
carbonate of magnesia; it is, in fact, a "dolomite," and is largely quarried to 
bum into lime. It also occurs at Dimminsdale, where it contains ores of lead, 
copper, iron, zinc, &c., but in small quantities only. Several fossil shells 
occur, mostly as casts, Productus and Bellerophon being the most common. 
The limestones are overlaid by beds of shale, which are well seen in the 
quarries at Grace Dieu. They are about 50 feet thick in this district, and are 
capped by the millstone-grit, a very hard, coarse sandstone, which is only ex- 
posed in one or two small patches near Thringstone, &c. This is the "Fare- 
well rock " of the Welsh miners. No seams of coal occur beneath it. 
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The Coal-measures, — About 2,500 feet of sandstones, clays, shales, and coal- 
seams overlie in this district the millstone-grit. Of these, however, the lower 
half may be regarded as unproductive, the coal-seams contained in it being too 
thin to admit of profitable working. 

The coal-seams of the upper part, too, do not spread in uninterrupted sheets 
at regular depths. The same great upheaval which acted chiefly under 
Chamwood Forest also dislocated and disturbed all the surrounding country, 
elevating portions here and there above the rest, and so breaking the continuity 
of the coal-seams and producing what are called " faidts." The surface 
inequalities so produced have since been worn down to a tolerably level surface, 
so that we only know of the existence of these " faults " when m following a 
coal-seam we find it suddenly stop short, abutting on a rock of quite different 
character. The chief "faults*' run from north-west to south-east, parallel to 
the anticlinal axis of Chamwood Forest. They are named — (l) the Coleorton, 
or Boimdary Fault, which stretches from Ticknall to Bardon Hill ; (2) from 
this the Heath End Fault seems to branch out, whilst further to the south- 
west the Boothorpe Fault and the Moira or Main Fault run nearly parallel to 
it. Anumberof minor faults run generally at right angles to these. (See fig. 53). 

The effect of imequal upheaval was to elevate the district between the 
Heath End and Boothorpe Faults, i.e. all the part to the north-west and 
south-east of Ashby-de-la-Zouch. From this part then exposed to denudation 

S.W. Stanton Park. N,E, 

Henth End . 

Co llery. (. y . : . . r . ■> . 



Ctoal-measures. ^ Carboniferoui Limestone. 

« 

Fig. 53.— Section across Stanton Harold and Heath End ; showing the Coleorton Boundary 
Fault near its western exiremity. 

B Garboniferoas Limestone Shale. C Millstone Grit. E New Red Sandstone. 

the coal-beds were speedily pared off, and we thus have the lower improductive 
measures standing like a wall between the western coal-producing district of 
Moira and the eastern or Coleorton division. We may, therefore, suppose 
that the chief seams of coal of these two latter districts are identical and were 
once continuous, and from the genenil similarity in character, number, and 
order of succession of the beds of each, this seems a fair conclusion. 

In the Moira district the main coal is 14J feet in thickness, but it is not of 
eqiml quality throughout, and is not all extracted. In the Coleorton district 
it is about o feet thick. The boundaries of the Moira district by Stantoc, 
Gresley, Donisthorpe, Measham, Willesley, and Woodville, are pretty clear, 
the coal-seams cropping out on all sides, but the Coleorton district extends 
southwards and eastwards beneath the new red marl to an unknown distance. 
At Whitwick coUierv a bed of dolerite was struck at a depth of 165 feet. 
This is a true volcanic rock, and was probably ejected from a vent somewhere 
in the great "fault" at the foot of Bardon Hill : it is 60 feet thick, and has 
turned the bed of coal on which it rested to cinders. 

Still further to the south, coal has been reached at Ibstock, Nailstone, and 
Bagworth ; whilst recently similar beds have been proved further east at 
Desford, but this is close to the eastern boundary, and the seams were so 
faulted and disturbed as to be imworkable. About 6 miles south of Desford, 
at Elmesthorpe, a boring of 1,500 feet in depth found improductive Coal- 
measures dipping nearly vertically ; and westwards, between the Nuneaton 
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Hnd A!j]ib3' Coal-fields, serentl boriot^s !uive b«en made, ncHt Market Bos- 
vortli, Snurestone, &c., but an fur tricliout success. In a boring; on the Spinney 
Hills, cloae to the east side of the town of Leioester, dark sliity-looking rooks 
of PaUeozoic ngc were reached at a depth of Soo feet. In 1H79 tliere vere 
27 collieries M. work in the LeiceBtecshire Coal-field, and 1,035,016 tons of 
coal were raised. 

The Permian Formation. — In a few spots to the soutli and west of the Aaliby 
coal-field, as at Measbam, Fackington, &c,, tliere occur beds of pebbles em- 
bedded in a paste of red marl. These are almost certainly of Permian age, 
and as the pebbles they contain resemble the Carboniferous and Silttrian rudcs 
of the West of England, being at the same time angular and some even 
striated, they probably afford a proof of the recurrence of glacial periods at 
Tarious geological epochs. 

III. The New Red Sanustone, or Trms.— Tlie lowest division of the " Erf 
Koeks " is the Banter (variegaled) Sandi/oue. Pebbly beds of this age oCLupj 
the district about Nethersent and Donisthorpe. In Leicestershire as elsewhere 
there ia considerable difficulty in separating the Trinssic and Permian beds 
from want of good sections nnd the absence of fosiil evidence Both art 
unconformable to the Car1>oniferous rocks and also tc one another From facts 
obtained elsewhere however geolog sts draw between ll en a great t ne of 




In Its plac;. 

demarcation, placing the Permian in 
Trias is the first of another great sj 
period). 

Above the Bmiter Conglomerates come the Keuper Beds (so named from 
their containing in Germany much copper ore). The lowest member is a 
thick sandstone called the " Water-ttonu, from its everywhere affording an 
abundant supply of water when pierced by wells sunk through the red marl 

The Sed Marl with Upper Keuper Sandjiione constitutes tlie greater part of 
Leicestershire west of the river Soar, and oauallj eitends a mile or ho east of 
tliat river. The town of Leicester is built on the uppermost beds of this 
division ; it contains beds of sandstone seen at Ortcn-on-t lie-Hi 11, Diseworth, 
and especially at the Dane Hills, close to the west side of Leicester. Here, 
in a cutting of the Leicester and Burton Railway, a fine section is seen, showing 
the characteristic "false bedding" (produced by the action of currents) in 
perfection. A little cnistaceiin, Eetheria viivn/a, is found in these beds, with 
teeth and spines of Hybodia. A massive nodular band of gypsum occurs 
towards the top of the red marl ; it is well seen in the cutting of the Midland 
Railway's main line near Thurmaston. It is in tlie red marl of Sliropshirc, 
Cheshire, and elsewhere, that tliick beds of rock-salt occur* indeed the whole 
Triassic system seems to have lieen deposited in inhind seas, saturated with 
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salt. In Leicestershire we have traces of this in the numerous Ciists of Siilt 
crystals which cover the surface of the light-coloured marls in many places. 
Ripple-marks, sim-cracks, and rain-pittings, afford further signs of the condition 
of things at that period. The red colour of the marls is due to the presence 
of oxide of iron, and it is generally found that where this is abundant traces 
of life (fossils) are few. 

IV. The Lias and Oolites op East Leicestershire. — The Rhatic Fonnation. 
-Resting on the top of about 1,000 feet of red marl and sandstone, there 
occur certain thin bands of grey marls, black shales, and nodular limestones, 
whose fossil contents are of the highest interest. The only clear sections of 
them at present known in this coimty are to be seen in certain brick-pits at 
the northern extremity of the Spinney Hills, a low range forming the eastern 
boundary of the town of Leicester and of the Soar valley. The top of the 
Keuper red marl is there visible, and above it is a thick bed of grey marl, 
which in turn is surmounted by the famous Bone-Bed, a layer some 3 inches 
thick, composed of remains of Ichthyosaurus, Plesiosaurus, Labyrinthodon, 
with numerous fish remains, as Hybodus, Ceratodus, Nemacanthus, &c., 
with many other interesting fossils. Next come about 9 feet of black 
and light-coloured shales, containing the characteristic shells Avictda contortay 
and Cardium Rh<eticum, and the whole is capped by bands of hard nodular 
limestone. It is still a matter of dispute whether these beds belong to the 
Triassic or to the Liassic formation. Probably they are true '* passage beds," 
having in the lower part Triassic and in the upper Liassic affinities. In 
these Spinney Hill beds was discovered a new species of star-fish, since named 
Ophiclepis Damesii, which has since beenfoimd in several other Rhaetic sections 
in England. (See figs. 55 and 56.) 

The Lias. — The Lower Lias beds have long been worked at Barrow-on-Soar 
and at Kilby. They consist of an alternation of bands of Limestone and 
dark shales. The former when burnt yield a very valuable hydniulic cement. 
The characteristic fossils are Ammonites catenatus, Erymi Barroveims (re- 
sembling somewhat a cray-fish in appearance), Dapeditis orhia (a fish with a 
very rounded outline), yautUiis striatus, Lima- gigantea, &c. In rather higher 
beds GrypJuea inciirva occurs in great numbers with a large ammonite, A. 
Bucklandi. In the northern division of the county there are probably many 
spots where the hydraulic limestones could be worked to advantage, but south- 
wards they are overlaid by too great a thickness of Drift. 

The total thickness of the Lower Lias beds is about 600 feet, for a boring 
for coal near Billesdon Coplow reached that depth entirely in this formation ; 
had it been persevered with a little further, it would doubtless have entered 
the red marl. The district occupied by the stiff bluish clays of this division 
is mostly in the condition of pasture land, and forms the chief portion of the 
great hunting and stock-rearing district of East Leicestershire. The timnels 
on the Nottingham and Melton railway afforded some good sections of these 
beds. They contained the shells Hippopodium, Cardinia, and Plcnrotomaria 
in abundance. In the Geological Survey Map the boundary of the Lias near 
the town of Leicester has been drawn too far to the east ; light-coloured clays 
and compact limestones cap the Rhsetics of the Spinney Hills and constitute 
the Higlifields district and (part of) Victoria Park. 

7%€ Marlstotie or Middle Lias. — The " Rock-bed " is a limestone containing 
much iron; exposed to the air it weathers brown, and constitutes excellent 
corn-land. In the north-east, at Wartnaby and Holwell, it is about 25 feet 
thick, but decreases to about I foot between Keythorpe and Hallaton : its 
outline is very irregular, as it sends out bold spurs to the west, as at Burrow 
Hill and Billesdon, and indeed forms an escarpment along its whole extent. 
At its junction with the clay beds beneath numerous springs issue : a good 
example is in the picturesque little ravine of Holwell Mouth, where the river 
Smite issues from the base of the Rock-bed in this manner. At Tilton the 
marlstone is finely exposed in the new railway cutting ; it here contains 
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cuuntlesB Dumliem of the two brachiopod shelU, Terehralula jmitctata and 
litmickoitdla tetrakedra. 

The Upper Liae Shales iire rarely seen, being covered over with Drift. 
The "flsh and insect beds" ara e»poHed in some pits near Kejthorpe. The 
new lines of railway from MettoQ Mowbray to Market Hsrliorough, with the 
branch from Tiltoii lo Leicester, have exposed some grand sections of tlie 
liifferentmembera of the Lias in thedeepcuttingd which the hilly nature of the 
ground rendered necesMry. (See fi^r. 57.) 

Tub Ooi.iTB.— Besting upon the Upper Lias shales is a stratum called the 
XortiaiHptm Simi', from its development further south, where it is uitensively 
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worked for ironstone. In Leicestershire it only occurs in detached patches 
or outliers, although no doubt it was once continnous over the whole district. 
Kobin-a-Tiptoes, a hill some 750 feet high, and about II miles east of 
Leicester, is capped by hard calcareons beds ot Northampton Sund, as are the 
adjacent eminences of Whadborough Hill, Barrow Hill, &c. Kear Neville 
Holt it is about 20 feet thick. Iwin-worfcs were commenced here, but have 
Ken discontinued. 

The Lincotnthire Odile Limeetoae. — Tlie labours of Professor J. W.Judd have 
made it clear that this important bed belongs to the Inferior Oolite, thus 
Iieiog older than the noted Bath limestone, with which it was formerly 
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ccnsidfreil cDnli-inpomnecjiii. The main line of oulcrop just enters tlie county 
on tile nurtli-euBt, nenr Cronn Fuint, and the limestuDe eilends neur Croiton 
and Stoneal.y. In the south-east, at Seville Holt, this bed also i>ceurs as an 
outlier, tapping the Sortliampton Sand. 

We have noT comiidered liriefly all the fiTee,t stratified rocks of Leipeatei^ 
tihire. They liave, on tile wiiule, a slight inclinatiuD or dip to the south-east. 
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:ta ot Section In pit itxive Hii][u«n Fern-. Esm L-I«»t< 
miUI onUying pctch of Ibe Knnbsinpton Kuui, cuppa) by D-isltler Clay. 

• Lu^e bouMar, IS Incba long, of Ihn lunl BiLlcoou Llmewon (Pendle) ot tbe laferior 
(Uncohutiin) OoUle. 

V. The D«ift; oh BoutnEii Cu*v asd ScKFArE Oh a VBL.— Scattered in- 
discriminately attd unconformably over the upturned edges of all the aliovc- 
mentioned beds, we find Iwda of clay, sand, and gmvel, which are relics of 
the kst Glacial Period, when England was altocether or in part covered by 
ice, and subnierjied once, if not Iviee, beneath the level of the sea. 

(a) Pre-Glaeial or Mid-Glackil Beds.- -These contain rocks ihailer to those, 
of the advHuing district only. At Rotlierby briek-yard there is a section 
shoviDg nnely faminated, recomposed reil marl. The surfoces of the lamioie 
bear dark carbonaceous marbii^ ; it is well stratified, and shows false bed- 
ding. AlHjut 15 feet in thickness is exposed, and it is covered by sandy clay. 



teresting sand-pit containing black Beams of rarbonHceouB matter, wliich show 
admirablj the folse bedding ; it is overlaid by Boulder Chiy. (See fig. 59.) 

(b) The Grrat C/alky Boddtr Ctoy.— This occurs principally in the central 
and eastern parts ot the county; it consists chiefly of cliulk, chalk-flints, 
oolite, and marlstone. embedded in a stiff bluish clay with quartzose pebbles, 
millstone grit, coal, mountain limestone, &c. In the upper part great 
boulders of Forest Bucks occur. Great sheets of gUcial ice from the nortli- 
east swept down and over our Chamwood hills, rounding their outlines 
and tearing off great portions ot them to l« spread over the surrounding 
phiins. Some of these boulders itr« of historic interest. Such was probably 
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" John'e> StoD«," a nanjtic masti which atood near Leicester Abbey, bat wus 
destroyed about 1836. Tbe etone which uccupiea the same site, and which 
hus been mistAlcen for it, is a hard saadiitone e>lab. and probably formed the 
base of the former monolith. The HUetone uf Hum here tone, near 
LeicBHter, is u 15-ton boulder of Mountaorrel granite, and numerous blocks of 
the same rock ena be traced southwards along Che Soar Valley. 

Biver Graiide, Ptat Sede, ^c, briog uh down to the present, day. In these 
^lepoaits remains of the mammoth, rhiuoceros, reindeer, &q,, have beea found. 
Flint and stone implements, too, occur, relics of the time when the early io- 
habitants of this island were unacquainted with the use of metals. 
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Museums. 
Museum of the Literary and Scientific Institute, Stamford. 

Publications of the Geological Survey. 

Map8, — Sheet 70, Belvoir Castle, Grantham. (Survey not completed.) 
Books. — ^The Geology of Rutland and Part of Lincoln, by /. W. Judd, 
I2S. 6d. Geology of the Fenland, by Skertchly, 4O6. 

Important Works or Papers on Local Geologv. 

1853. Morris, Prof. J. — On some Sections in the Oolite District of Lincolnshire. 

Joum. Geol. Soc., voL ix., p. 317. 
1867. Burton, F. M. — Bhsetic Beds, near Gainsborough. Q. Joum. Geol. Soc, 

vol. zxiii. p. 315. 
1867. Judd, J. W. — Strata which form the Base of the Lincolnshire Wolds. 

Joum. Geol. Soc., vol. zxiii. p. 227. 
i868. Wood, S. v., and Bome, Rev. J. L. — Glacial and Post-Glacial Structure 

of Lincolnshire. Joum. Geol. Soc., voL xxiv. p. 146. 
1870. Judd, J. W. — Neocomian Strata of Lincolnshire. Joum. GeoL 

Soc., vol. xxvi. p. 326. 
1875. Gross, Bev. J. E. — Lias and Oolite of N.W. Lincolnshire. Joum. Geol. 

Soc., vol xxxi. p. 115. 
1875. Blake, Bev. J. F. — Kimmeridge Clay of England. Joum. Geol. Soc., 

vol. xxxi. p. 196. 
1879. Jukes-Browne, A. J. — Southerly Extension of the Hessle Boulder Clay. 

Joum. GeoL Soc, vol. xxxv. p. 397. 
1879. Wilson, K — On the Boring for Coal at South Scarle. Joum. Geol. Soc, 

voL xxxv. p. 812. 

1879. Burton, F. M. — Khsetic Beds and Keuper, near Gkiinsborough and Retford. 

Rept. British Assoc. (Sheffield), p. 336. 

1880. Anon.— The Frodingham Iron-field. Colliery Guardian, vol. xl. p. 105 1. 

8ee also General Lists, p. xxv. 

Till within the last few years, Lincolnshire has, with respect to its geology, 
been one of the most neglected coimties in England. This may, perhaps, be 
accounted for by the supposed absence of important minerals, by the want of 
good sections, and by the large amount of drifi or surface debris strewn over 
the surface — as thick masses of clay and sand — concealing the strata which lie 
beneath. 

Of late years some important papers on the county have been published in 
the Quarterly Journal of the Geological Society, by the Rev. J. E. Cross, 
on the Lias of the north-west comer of the coimty, and the Rev. J. F. Blake 

o 
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on the Kimmeridge Cla^, in vol, xxxi« ; hy Trt/f. Jadil (m the Chalk (roL ssiiL), 
8TH;et/jn Clay (roL xziv,) and Ne<>comiaD b<;<l« (roL zxri,) ; by ProfeMfor 
Mcirri* on the Oolites of the ff^iUth'We^t of the county ^roL ix,J ; and there 
are tKime ifcattered note« in the ** Geological 3iagazine, The definite mapping 
<ff the county hy the Ge^jlogical Hnrrey wa«, howeyer, long postponed in order 
that the coal-fieldn might be firnt c^nnpleteiL In 1875 the iwirae (ff sheet 64 
gaye u« a thorough ami Cfimplete Knowledge <jf the extreme »outh rjf the 
county, from Btamford, Little Bytham, ami GntUm on the west, to B^mrn 
and Market Deeping on the eaift, Thi« sheet also inclwles the whole of But* 
laml, and portions cf Leicester and Northampt^m : it was the work of Prr^fessor 
J. W. Juda, F.Kjy.^nd, with the accompanying memoir, has contril/uted to place 
that gentleman ii^the first rank of liying ge^jlcjgists. Hheet 70, which lies 
immediately to the north of 64, has also been nearly c/mpleted by Mr. 
HoUoway*, and will be published in 1881 : it extends as far north as Newark« 
Tattersmill, &c. 

Lying on the east coast (jf En^laml, Linc^^lnshire includes none ttf the hard 
rocks which staml up so lioldly in the west, forming the mountains tjf Wales 
and ScotlamL The rocks which comprise the &mnty belong to the Mesozoic 
or Middle Period of geologists, and comprise a fairly complete series from the 
Trias to the Chalk. 

As the different l^eds of rock extend in long l/ands nearly due north and 
mmth, they Cf^incide with the main extension in length of the ctmnty : as more- 
oyer, these rocks are of yarying degrees of hardness, lH;ing an alternation of 
beds of clay and limestone, we get longitudinal yalleys sco<^ped out in the 
clays, while the harder limest^^es stand out as Ixild ranges Jt hills running 
from north to south. This simplicity (A structure is, hr/weyer, c^miplicated 
by the immense quantity of drift which has I^een depr^sited here and there, 
filling up mnti^ of the ancient yalleys, and by the extent to which the eastern and 
south-eastern portion has l>een planed dr/wn by the sea, reducing it to one leyel 
plain, affording none of thr>se cliif-sections which haye so aicud the study of 
the neighlK^ring county (A York. 

The oldest rrjcks fouml in Lincolnshire occur on its western side, ami form 
the slopes of the Trent yalley. The Tkias, as these rocks are called from 
their triple diyisi^iU in Germany, is represented here by the upper member 
only, which is kncnm as the Keivper, from its CfiUtaining copper ore abroad : it 
consists rjf stiff red marl, with intercalated liands of sai^tone and gypsum : it 
constitutes the foumlation of the Isle of Axholme, although only occurring 
at the surface round Epworth, and extends in a yarying banid for a short dis- 
tance on the east of the Trent, broadening out, hc/weyer, to the southwaid 
in Notts, The presence of the peroxide of iron, which tinges the beds red, seems 
to haye been prejudicial to animal life, for yery few f fossils occur in the Keuper. 
Fish-scales ami teeth, with bones and footprints of the Lahyrinihodcn^ should, 
howeyer, be Irxiked for in any bands of sandstone which may l>e met with. 
The red clay is frequently dug for brick-making : the l^eds haye a gentle dip or 
slant to the eastward. 

The Lias is the name applied to a series of limestones, shales, and clays, 
which rest xxym the Red >iarL At the junction between the two great forma- 
tions we findfa series iA beds termed Rhatic$ (from their great deyelcjpment in 
the Kluetian Alps), which seem to mark a transitir/n from the one to the other. 
These Wis are in part exposed in s<ime pits near Newark, and extend north- 
warrls by 8</uth Bcarle, Cminsliorr^ugh, and Blyton, to the point where the 
Trent joins the Humber, passing thence \nU) Yorkshire. At I>ea, aln^ut 2 
miles mmth of OainslK/rough, they were noted l;y Mr. Burt^m in 1866, in the 
cutting (ff the Great Nr^rthem line. The characteristic shells, Avieula conforta 
and Cardium rhatuMm, were fouml here, together with a thin stratum called the 
hr/ne^fedf fr*nn its being full of fish-teeth and scales. 

* hj tb« death of this gentlemsn sfnce the writing of theie words we bare lost a carciul 
and painftaJdsg geologist. 
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The Lartr Liat Lunrttone* and Sia 
andii of limeslone aland out an an 
escarpment, well seen in the Frixlidf^ 
hAm cutting uf the Anrholme and 
Grinuil'j railiraj-. These Iwds are 
Ter; fussi lif erous, cunCainiDK nuDj 
AiH'tionitet^ Grypksa iHrurpa in ihou- 
aBods, and. vhal is more importsnl, 
a Ten' mliuible bed uf irunstone. 
which is now hirgety worked. Thix 
imporlHnl discovery and ils develop- 
ment are chiefly due lu Mr. Charleo 
Winn, M.P. Tlie ore is the hjdiHteU 
peroxide, and the following quantities 
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This bed of iron ore lies low tlovn in 
the Lias, and is not the same as the 
Cleveland bed, with which it has been 
confounded* but the ferruginous 
limestone alwundiog in AMnuntiin 
WBunutfa/w. which is sowelldcvehiued 
at Bedmile. in the Vale of Belvoir, {» 
on the same horizon \i the t'rodingham 
ore (Gg. 60). 

The bed of ore is iilual 2.^ feet in 
thictness. and crops out ai the surface. 
fonuiu^ the plain on which the villaire 
vf Scunthorpe stands, so that the work- 
ings are open and shallow. ,\s is ihe 
case with similar ironstone be<ls el»e- 
where, we find the ore loose, and uf 
Si dark-brown tint near the surface.and 
passing downwatd into a tolerably 
hanl rock : there is a hard limestone 
Inod at Ihe base. The presence of 
limestone renders the ore a very suit- 
able one to mil with another conlain- 
ing silica. Fortunately a tied uf imn 
ore rich in siljin has lately lieen 
found near Lincoln, and this is now 
mixed with the Scunthorpe stone in 
the proportion of one-eighth of the 
whole. The yield of metal is about I 
ton to 3^ tons of ore, or z8 per cent. 

In 1870 the total quantity of iron- 
ore raised in Lincolnshire was 695,326 
tons, valued at ^103,000. 

The XiitdU Liat or HarUoHf. This 
is a very variable formation. Iioth in 
thickness and mineralogical chanicler : 
the MarlttuHB Roci-ieii isa ferruginous 
limestone, which in the south-wet^t of 
the county is as much as 10 or 30 feet 
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thick, fonniiig the Ixjld outlier on which Belroir Castle hXahAh : it enters 
Lincolnshire near Wcx^l^thorpe, and as it yeumeu northwards becomes thinner, 
so that at Santon it is seen to be only 8 or 9 feet thick. Here in the catting 
it is exposed as hard light-grej limestone, weathering brown, and full of a 
plaited bivalve shell, known as Rkynchondla tetrahedra. The rock-bed is 
worked for iron-ore at Caythorpe near Lincoln ; it occupies the same geological 
position as the famous Cleveland seam« 

The Upper Lias is in Lincolnshire, as generally elsewhere, a mass of thick 
clay. In the south-west, near BtainliV, where it enters the county, it is, 

Eijrhap, as much as 200 feet thick. Fassing northwards, by Grantham and 
incom, we find it at Hanton reduced to 60 feet, and composed of blue shales 
with casts of Ammonites. Everywhere it forms the western slope of the 
range known as the Cliff, and where it is thickest, there we fina the hills 
hijmest, and the scenery most picturesque and diversified. 

The Liassic formation thus occupies a Ijand in the west of Lincolnshire, 
alKiut 8 or 10 miles in width in the south of the county, but narrowing 
steadily northwards, owing to the thinning out of the various l>eds of lime- 
stone and clay, until on the Humber it is alxiut a mile in breadth. Every- 
where ^A« Cliff m&rk» the eastward extension of the main mass; but where 
the river Witham has cut through the limestone ridge at Grantham, and in 
the still more striking gorge formed by the same river at Lincoln, we must 
extend the various members of the Lias for s<jme miles to the eastward, as inlien, 
GrxKl expcjsures of the Lias are rather rare in Lincolnshire : in the Marton 
cutting of the Gainslxirou^ and Lincoln railway, >lessrs. Burton and Waugh 
collected a number of fr>ssils of the zime of Amiaonites an^ulatus, which have 
been described by Mr. Tate (Quart. Joum. GeoL 80c., voL xxii. p. 306). On 
the slope of Hpittlegate Hill, near Grantham, there is a good section of the 
Upper Lias, showing the Fish and Insect Beds at its l>ase, surmounted by 
ferruginous clays with Amriumites communis. The Liassic clays form a stiff 
clay land, mostly in jjasture ; but the marlstone gives rise to a rich, brownish 
loam, on which excellent wheat crops are grown. 

Deep Bf/rimj at Scarle. A very remarkable boring for coal at South Scarle, 
between Lincoln and Newark, in 1876, passed through the following strata :— 

Feet. 

Drift..... 10 

Lower Lias 65 

Bluetics 66 

Keuper Marls 573 

Keuper 8anstone 244 

Bunter Sandstone 542 

Permians 519 

Coal-measures (?) 10 

2,029 
Tub Oolite. — The strata which lie next alx>ve the Lias have received the 
above name from the rounded, roelike structure - itov , an egg- seen in most 
of the limestijnes of the series. They consist of an alternation of beds 
of limestone and clay, the former standing out as lines of hills, while the 
latter occupy the valleys between. The commencement of the Oolitic Forma- 
tion in Lincolnshire is marked by the striking ridge so well known as the 
*' Cliff: ^ this is a lK)ld escarpment facing the west, and running in a nearly 
straight line for about 90 miles : along the top runs the celebrated Roman 
road known as Ermine street. The escarpment is only broken at the two 
points already noted, Grantham ami Lincoln, where tne Witham has cut 
through the range. 

Lower Oolith.- --Northampton Sand. — This is a stratum of very varying 
mineralogical character, well developed in Northamptonshire, where it is 70 
feet thick, but much reduced as we trace it northwards. Near Stamford it 
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is 30 feet thick, at Grantham 48 feet, near Lincoln 30 feet, and in the north 
of the county some 10 or 15 feet onlv. Everywhere it forms the top of the 
Cliff, surmounting a long slope of Upper Lias Clay, which is usually tinged 
red hy the downwash from tne ferruginous beds above. The Northampton 
Sand forms a light soil, usually of a reddish hue, and well adapted for the 
growth of spring crops : in the county from which it takes its name it is 
largely worked for ironstone ; but the ore diminishes in value as we trape it 
northwards. 

Lincolnshire Oolite Limestone, — The researches of Prof. Judd have shown that 
this important bed belongs to the Inferior Oolite, and not to the Bath Oolite 
as was formerly supposed : immediately overlving the Northampton Sand, it 
forms a capping to the " Cliff," constituting the broad Oolitic plateau which 
stretches for 3 or 4 miles east of it. In Mid-Lincolnshire it is fully 150 feet 
thick, at Grantham 100 feet, at Stamford 80 feet, near Kirton 90 feet ; but in 
South Yorkshire it is only 15 feet; and as we trace it further, both to the 
north and south, it at last thins out altogether and disappears. 

At its base the limestone often passes into thin, sandy, fissile beds, which 
are the well-known CdUyweston Slates, Fossils are numerous : here and there 
banks occur which seem to represent old coral reefs, and altogether we have 
evidence that local depression took place within an area having a diameter of 
about 90 miles, the amount of depression being greatest in Central Lincoln- 
shire. As a consequence of this, there was slowly accimiulated, by the 
growth of coral reefs, and the action of marine currents sweeping small shells 
and their fragments along the sea-bottom, a mass of calcareous strata, pre- 
senting many variations in its local characters, and constituting the formation 
to which we have applied the name of the " Lincolnshire Oolite Limestone.'* 
The western half of this great lens-shaped mass of limestone has been removed 
by denudation, and on the summit of the Cliff we get the exposed section of 
the remaining eastern half, which, dipping to the eastward, lies buried beneath 
the newer rocks which come on as we pass in that direction. 

Excellent building stones are obtained from this formation, the quarries at 
Ancaster being especially famous. The commissioners appointed in 1839 to 
report on the building stones of England for the construction of the new 
Houses of Parliament, state that " many buildings constructed of a material 
similar to the Oolite of Ancaster, such as Newark and Grantham churqhes, 
and other edifices in various parts of Lincolnshire, have scarcely yielded to 
the effects of atmospheric influences." 

The Great Oolite has for its base beds of sandy clav of varied tints. These 
are called the Upper Estuarine Series^ for, like the Northampton sand below, they 
appear to have been formed near the mouth of a large river. At Little Bytham 
ana other places, bricks of great hardness and durability are made from these 
clays. They constitute much of the cold unkindly land of the "Heath.". At 
Stamford and Grantham they are 25 feet thick ; but northwards they disappear, 
or are merged into the Grrea;t Oolite Limestones. This rock is from 20 to 30 
feet thick, and, with the clays beneath, forms frequent outliers on the plateau 
of Lincolnshire limestone ; above it are the Grreat Oolite Clai/s, from 10 to 20 
feet thick. The limestones of this series are quarried for lime-burning and for 
road-metal, while the clays are dug for brick-making. 

77ie Combmsh. — This well-known rock is a ferruginous limestone, usually 
very fossiliferous, and in this district about 15 feet thick : its top is marked 
by a thick bed of a large rugose species of oyster — Ostrea Marshii, It forms 
a red soil of no great fertility, and is esteemed as furnishing hard road-metal. 

The region occupied by the Great Oolites and Combrash forms a band 
down Mid-Lincolnshire, of which Bourn and Sleaford may indicate approxi- 
mately the eastern limit. This region is characterized by a series of low, flat- 
topped hills, and some admirable sections of the beds are exposed in the 
cuttings of the Great Northern Railway, as at Essendine, Little Bytham, and 
Ponton. 
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re in represeiiteil in Linntlnthire tiy thg thick rruuw of 
the Oxford ClaU- it has at ilH liaro certain hnrd nandj' 
lieda ealleil KefUwnyn Kock, lo to 30 feet in thickimn; 
liot the cIhjb nlxtre nre probslilT st Ieii»t Joo feet thick. 
Thej alioand in Ammrmita and the well-known Bdan- 
nita—t\\e iUiIb or thoi(derl«lt« of the penwDlr;. 
Bri^, Wjckenlij, Wngliy.aod Stixwonld majbe Damed 
aa indicating the eaKtem l>ouDdar7 of the Oxford Cihy. 

Vrrtft OouT%.—The KimmrriAfe Claytoraa nlimnd 
liend eight or nine miles wide in the foath, but greatlj 
narrowed in the extreme north hjr the orerbp of the 
CretaeeoM hedH. It (omen no to the western foot of 
the WoldH, and Fn]letl>y, Tenllij, Caistor, and Worlatij 
indirate itx eanf em edf[e : it ti nliore 600 feet thick, and 
in exposed in namerooK hrickjanU, in Ibe entliiw> of 
the Louth and Lincoln Railvajr, &c. At the top a the 
KtmmeridKe Claj there i» a reiT httnmtnoiis bed of 
shale, resemliling ihnt of the Coal-measnres. Enrlj in 
the present century much money was thrown away in 
c'lnse^ence. in lioring tor coal in the Tailey of the 
river Bnin, where these shales are well exposed. At 
Bnnkhill there is a stratum of iron pyrites, known 
from its yellow hue as " Brinkhill Gold." 

Tne 'SiovoniAH Pormatio^i.- The Chalk Wolda of 
Uncolnshire are well kninm ; but on their western 
Hlopes there are a scries «f sandstones, imn-stones, nod 
clays which are not so easily rect^ised. These con» 
■titute a snlK.diTision, to which the term Neocfrmiaii is 
applied. We can imce them norlhwards into Yorkshire, 
where they frini^e the Vale of Pickering, and thence, 
turning enstWHrds, they lf)rm the Speeton CliBs, which 
orerliHik Filey Bay. In Lincolnshire they appear near 
Worlahy, and pass sonthwards by Caistor, Te^by, Ben- 
nington, and Sraimhlesliy. 

fte West Yorkshire Coal and Iron Compnny have 
opened an iron mine in the middle Neocominn lieds at 
Acre House, between CUxby and NettletOB, The e«ist- 
ence of fragments of iron elat(, Roman pottery, &c., in 
this part ahowB that the ore was known and wirkcil in 
very early times. Professor Judd ilescrilies the lied 
■ -'-- worknl as a rock almont entirely made up of 
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small ana beaut ifnily polished oolilir icminH of hvdrated 
peroxide of irfin. The earthy mntc'rial, full of Urger 
concretionary masses of ininstime. which was at first 

■ thought to be equally valnalilr. is fiiind to yield so small 
an average perccntH)^ of irim that it is not worked. 
Fossils are numerous, I'spccially n lartie shell named 
Peetet emetia. The ore rontains much limesf ime, and is 
consequently well adnpted fur smcltinc. mtted with Iho 
clay-ironstone from the Conl-measnres. If is mostly 
sent to Leeds fur tlist pnr|Mii-('. 8S5 tons, valne<l at 
^177, were raiH.-.l in 1874 : ""d 323 tons, vnloe ^£49, in 

' 1879- 

Cbbtacbou" l-'oHMATio.x. Thi- Httvi^afton Hrd Chalk. 
-Thishnnd, th.TU iil"'iit fintr f.-et thick, is fnmilinr to 
all who hnvci vifitnl the Xiirfolk cimM : it is traceable 
all throngh Lincnlnshin- from nciirUnnbv. by CHwllcshy, 
Nettleton, On.sl.y, Jtnmctby. nnd 8oUlh Ferriby. 
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Everjrwhere a curious sponge, Spongia paradoxical is a common fossil, to- 
gether with Belemnites minimus: this stratum is as much as 14 feet thick in 
Mid-Lincolnshire. 

The Chalk. — Above the ** Red Rock " there are several bands of pinkish 
chalk which have often been mistaken for it. One such occurs near Louth. 
As we ascend the chalk becomes harder, and, having resisted denudation better 
than the softer strata which occur both above and below it, now forms an 
almost continuous ridge along the western side of the Wolds, being only cut 
through by the Withem Eau and the tributaries of the Witham. The Chalk 
of Lincolnshire, being much more covered by superficial deposits than the 
hills of the North and South Downs, has not the smooth, rounded, and gently 
swelling aspect of the latter : it has mostly been brought imder the plough, 
and with very satisfactory results. In the numerous pits the characteristic 
chalk fossils may readily be obtained, such as the rounded sea-urchins Aiian- 
chytes and Micraster ; a furrowed shell, InoceramuSj is common, and TerehratuliB 
abound. Bands of flint also occur. 

The Drift. — In few counties are the strav deposits to which this term is 
applied better developed. Scattered over the district we find immense beds 
of clay and sand, full of pebbles and bits of older formations, which in some 
places are about 300 feet thick. These were formed in the Glacial Period^ 
when an ice-sheet descending from the north forced its way over at least part 
of the county. From its seaward termination huge iceoergs, breaking off, 
carried their loads of stones and mud, dropping them as they passed, melting, 
to the southwards. Some of the masses of rock so transported are of enor- 
mous size : near Stoke Tunnel the Great Northern Railway passes right 
through an enormous mass of Lincolnshire Oolite Limestone, which, as noted 
by Professor Morris, rests on imdoubted Boulder Clay, and is therefore itself 
undoubtedly a transported mass. 

Fen Beds. — Over the district bounded on the north by Gibraltar Point, 
Homcastle, and Lincoln, and thence by Sleaford and Corby to the extreme 
south of the coimty, and all alone the eastern coast, the whole surface as far ha 
the sea, is coverea by drift, which in turn is overlaid by beds of silt or warp 
with intercalated peat-beds. Digging through these, blue clay belonging to 
either the Oxford or Kimmeridge series is usually found beneath. The total 
area of the "Fenland," as the low fiat country round the Wash is called, is 
1,300 square miles, and about one-half of this lies in Lincolnshire. Unsuc- 
cessful attempts to obtain water by means of deep borings have given the 
following sections : — 

BoRiNQ AT Boston. Well at Forsdyke, Spalding. 

Feet. Feet. 

Fen Beds 24 Fen Beds 78 

Boulder Clay 166 Yellow Sandy Clay 37 

Kimmeridge Clay 294 Great Chalky ( , 

Oxford Clay 88 Boulder Clay I ^^i 

Kimmeridge Clay 159.J 

• S72 326 

The silt or warp is a deposit of fine mud thrown up in past ages by the sea ; 
the peat-beds between often contain large trunks of trees, and mark intervals 
during which vegetation fiourished. Similar beds of silt and peat form most 
of the Isle of Axholme. (See fig. 61). 

Post-Glacial Period. — Much has been done by the hand of man in draining 
the Fen lands : in such works traces of prehistoric man have been met with. 
At Spalding a large and heavy stone celt was found, and in Newport, 
Lincoln, a bored stone, which doubtless sensed as a hammer-head ; fiint fiakes 
or knives occurred, with burnt bones and a bronze arrow-head in some 
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cinerary urns dug up at Broughton. A large and broad arrow-head of flint 
wae foand at Qonthorpe, and another near Mantou. Bone Inace-heHtle And 

fiins hare also been met with. A celt ur oie-head of flint wob found at 
idenham. near Bourn, and another at Kate's Bridge, aoath of the latter town ; 
ilUhed celt, 5J inches long, occurred in peat at Digbj, south of 
---- --.noes made of the hollowed-ont trunks of trees have 



a nnely pol 
Billinghay ; 




lla polnii'i^in ItMMUM iilnctloii, (After Skartohly, 0«1. Snrvaj.) 



been dog up at Kjrae, Blllinghay, Langtoft, and Pinchbeck Bnrd. These relics 
take us Imck to the meeting-point liutween Geology and Archieology — ^to the 
Stone Age, when man was as yet anacqiuiinted with the use of metala, and 
when he inhabited this country in company with the mnmrnoth, the elk, ami 
other animals now eitinci, whose bones we find embedded with his implements 
in the Htrata of latest formation. 
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Natural History and Scibhtific Societibs (iDdading all in London). 

Qaekett Microscopical CluL ; London. JonmaL 
West London Scientific Association and Field Club. Proceedings. 
Old Change Microscopical Society. 
Soath London Microscopical and Natoial History Club. 
South London Entomological Society. 
New Cross Microscopical and Natural History Society. 
Sydenham and Fcrest Hill Microscopical CluL. 
British Archaeological Association, 32, Sackrille Street, W. 
British Association, 22, Albemarle Street, W. 
Boyal Society, Burlington House, Piccadilly. 
Society of Antiquaries, Burlington House, Piccadilly. 
Linnean Society, Burlington House, Piccadilly. 
Zoological Society, 1 1, Hanorer Square, W. 
Anthropological Lsstitute, 4, St. Martins Place, W.C. 
Entomological Society, 11, Chandos Street, Carendish Square. 
Boyal Agricultural Society, 12, Hanover Square. 
Boyal Archaeological Institute, 16, New Burlington Street, W. 
Boyal Geographical Society, i, Savile Bow. 
Boyal Microscopical Society, King's College. 
Victoria Institute of Great Britain, 7, Adelphi Terrace, W.C. 
Society of Arts, John Street, Adelphi. 

See Guide to Natural History Clubs of London, by H. Walker. Sold at 97, 
Westbonrae Grove ; price 2d. 
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British Museum, Great Bnssell Street, Bloomsbuiy. 

Natural Histoiy Museum, South Kensington. 

South Kensington Museum, Art and Education. 

Bethnal Green Branch Museum. 

Museum of Practical Geolo^, Jermyn street. 

East India Museum, South Kensington. 

Museum of Patents, South Kensington. 

Christy Collection (Prehistoric Man), Victoria Street, Westminster. 

United Service Museum, WhitehalL 

Soane Museum, 13, Lincoln's Inn fields. 

Architectural Museum, Dean's Yard. Westminster. 

Museum of the Geological Society, Burlington House, Piccadilly. 

Museum of the Society of Antiquaries, Buiiii^<m House, Piccadilly. 

Museum of the Boyal College of Soigeons, Lineoln*s Inn Fields. 

Museum of the L(»don Missionaiy Society, Blomfield Street, Moorfields. 
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Publications of the Geological Survey. 

3f ops. -Large Slieet : London and its Environs, price 22s. ; also in Quarter 
Sheets i N.W., N.E., S.W., S.E. 

Books. — The Geology of Parts of Middlesex, by W. Whitaker, 2s. Guide 
to the Geology of London, by W. Whitaker, 3rd Edition, is. Geology of the 
London Basin, by W. Whitaker, &c., 13s. 

Important Works or Papers on Local Geology. 

List (by W. Whit^aker) of 505 works on the Geology of the London 
Basin, in the Survey Memoir, vol. iv. 

1868. Wood, S. v., jun.— Pebble Beds of Middlesex. Joum. Geol. Soc., 

vol. xxiv. p. 464. 

1869. Clutterbuck, Rev. J. C. — Fanning of Middlesex (Geological Features 

and Character of the Soils). Journ. Roy. Agric. Soc., Ser. 2, 
vol. v., p. I. 

1870. Symons, J. G. — Increase of Temperature Downwards, in the boring at 

Kentish Town. Kept. Brit. Assoc,, p. 182. 
1870. Lane Fox, Col. — Palaeolithic Flint Implements at Acton and Ealing. 

Kept. Brit. Assoc, p. 130. 
1878. Prestwich, Prof. J. — Artesian Well at Meux's Brewery, Tottenham 

Court Road. Journ. Geol. Soc., vol. xxxiv., p. 902. 

1880. Harrison, W. J. — Deep Borings in the South-East of England. Midland 

Naturalist, vol. iii. p. 188. 

1881. Smith, W. G. — Palaeolithic Implements in Thames Valley. Nature, 

p. 308. 

See also General Lists, p. xxv. 



The geological structure of the county of Middlesex is perhaps better known 
than that of any other English county. This arises in part from its being the 
metropolitan county, and consequently the residence of numerous workers in 
science. 

The whole surface has been mapped by the Geological Survey, and described 
in a full and admirable " Memoir on the Geology of the London Basin,'* by 
Mr. W. Whitaker and his colleagues. Messrs. Prestwich, Searles Wood, 
Edwards, Col. Lane Fox, J. Evans and others have also done good work 
among its rocks. Many useful papers have been published by the Geologist^ 
Associatio7iy whose head-quarters are at University College, Gower Street, and 
whose members make weekly excursions to places of geological interest in the 
neighbourhood of the metropolis, varied by occasional longer visits to more 
distant places. In the Geological Museum in Jermyn Street, the student will 
not only find most extensive collections of rocks and fossils, but also an 
admirable model of London and the neighbourhood, constructed by Mr. T. B. 
Jordan, showing the combined geological and topographical features of about 
165 square miles. 

It may be useful to give first a table of the various beds of rock which 
occur at the surface in Middlesex, together with their maximum thickness in 
this area : — 

Feet. 

Alluvium (Recent river deposits) 15 

Post-glacial Beds (Brick-earth, gravel, &c.) 

Glacial drift (Boulder-clay, gravel, &c.) 

Lower Bagshot Sands 100 

London Clay 420 

Woolwich and Reading Beds 90 

Chalk with flints 800 
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We will commence with the lowest and oldest rocks, and briefly describe 
them in turn, in ascending order. 

The Chalk. — So little of the surface of Middlesex is occupied by this rock 
that at first sight it seems scarcely worth mentioning. We find this rock just 
entering the county on the eastern side of the Colne Valley, near Harefield, 
and again for a very small distance on the north-west side of South Mimms. 
If, however, we examine the dip or inclination of the chalk beds which extend 
northwards from the above-named places until thev form the Chiltem Hills, 
we shall find it is towards the south and east. Then going southwards into 
Kent and Surrey we see the chalk of the North Downs dipping to the north 
and west. This leads us to think that the beds which form these two lines of 
hills are continuous beneath the surface, and, indeed, as a matter of fact, we 
know that they are, for deep wells and borings show that anywhere in Mid- 
dlesex the chalk may be reached at depths never exceeding 400 or 500 feet, 
and usually much less. (See fig. 63.) 

The Woolwich and Reading Beds. — These are plastic clays and mottled 
sands, which rest upon the chalk : we can trace them from a point about two 
miles north of Uxbridge, by Harefield, and again in the lane-cutting near 
South Mimms. An inlying mass is exposed at Pinner, Ruislip, and Ruislip 
Wood ; at the latter point the junction with the chalk beneath, may be seen 
in several pits. 

The London Clay. — This well-known bed forms much the greater part of 
the surface of the county ; it is a stiff brown or bluish clay, in which occur at 
intervals layers of septaria, which are rounded nodules of impure carbonate of 
lime. The colour of the clay at the surface is always brown, for the carbonate 
of iron, which tinges the lower beds blue, changes to brown peroxide of iron 
when exposed to the action of the atmosphere. Where the Londoii Chy rests 
upon the Reading Beds the junction is marked by green and yellow sands, 
containing rounded flint pebbles. This is the "basement bed," and is only a 
few feet thick ; it contams numerous fossils, as fish-teeth, shells, &c. The 
upper part of the London clay is somewhat sandy, and good bricks are made 
from it : in thickness it increases as we follow it eastwards, so that imder 
London it is from 400 to 440 feet thick. It is exposed in numerous brick- 
yards, but fossils are not to be easily found : they seem to occur in bands, 
certain levels being very productive, whilst above and below they are scarce 
or wanting. In the various railway and road cuttings on the north of London, 
especially in the neighbourhood of Highgate, many beautiful fossils have been 
found, and in the brickyards here and at Hampstead good specimens still 
occasionally occur. 

The fossils of the London clay indicate a rather warm climate ; thus numbers 
of fossil turtles occur, with the fruits of palms, &c., true crocodiles also, and 
such shells as XaufiluSf ComiSy Volntu^ ^c, which now inhabit warm or even 
tropical waters. Mr. W. H. Shrubsole, F.G.S., has lately detected a thin 
but very constant layer in which diatoms mineralized by iron pyrites 
occur. 

The Bagshot Beds. — Of the sandy strata which bear this name just a 
comer of the main mass enters the south-west of Middlesex in the neighbour- 
hood of Littleton. Formerly, however, it stretched continuously over the 
London clay, and in proof of this we still find outlying masses forming the 
upper part of Harrow, Hampstead, and Highgate fiills, each of which is a 
marked feature of the landscape. There are several pits on the well-known 
gorse-covered heath at Hampstead in which we may see fine brown sands, 
with occasional thin layers of clay. The junction of these sandy beds with 
the London clay beneath is well marked by the boggy ground and by the 
springs which issue forth, as in the field just west of Kosslyn House. The 
rain falling on the surface percolates through the sands until it reaches the 
underlying clay, which is impervious ; it then flows along the line of junction 
until it comes out on the hill side. 
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The Bagshot Sands are almost, if not qaite, unfossiliferous. 

Glacial Drift. — The beds we have now to describe are far more complicated 
and difficult to map and measure than any of the older formations. After the 
deposit of the Bagshot Sands, the surface of Middlesex either continued as 
dry land for many long ages, or if it was submerged the rocks which were 
deposited upon it were afterwards removed by denudation. Probably the 
former of these hypotheses is the more correct, for the surfaces of the older 
rocks show evidences of having been long exposed to the action of the atmos- 
phere. 

The deposits which we term glacial drift rest irregularly upon all or any of 
the older rocks ; they contain (m Middlesex at least) no fossils except sucn as 
have been washed out of earlier deposits, and many of the included rock- 
fragments are polished and scratched in a manner which can be most reasonably 
accounted for by the action of ice. The earliest drift deposits are the pebble- 
gravels which occur on Stanmore Heath, south-east of Shenley, and west and 
north of Bamet: they resemble the far older pebble-beds of the Bagshot 
Sands, but are distinguished by the presence of pebbles of quartz and quartzite 
mingled with others of flint. 

The Middle Glacial Beds are formed of sand and gravel, sometimes with 
masses of clay interspersed ; they stretch southwards as far as Finchley, and 
may also be seen at Hendon, Southgate, Colney Hatch, Whetstone, Muswell 
Hill, and near Harefield. Above them comes the Great Chalky Botdder Clay, 
which is probably the deposit left by a great glacier stretching southwards as 
far as the northern edge of the Thames Valley : it is a dark bluish grey clay 
crammed witli fragments of all kinds of rocks, especially lumps of hard chalk, 
and contains quite a collection of fossils rubbed out of older rocks. It may be 
studied in the brickyards at Finchley, and at Southgate, Enfield, and Potter's 
Bar. 

Post-Glacial Deposits. — When the cold period during which the glacial 
beds were deposited had begun to ameliorate, and when the glaciers retreated 
far to the northward, the Thames Valley would probably present the appear- 
ance of a sloping plain, the hollows having been filled up by the deposits just 
described. Soon, however, the river began its work of re-excavation, and, by 
the immense quantity of matter which it has since removed and carried 
downwards into the North Sea, has proved its power as an agent of erosion, 
although it is true that the time we must allow it for the execution of this 
task must be reckoned in thousands of centuries. The post-glacial deposits 
may also be termed *' River Drifts^' for they were all formed by the rivers 
when the latter ran at much higher elevations than they do at present. At 
this period, owing to an elevation of the land, England was certainly a part of 
the continent of Europe, and the Thames ran across the plain which now 
forms the bed of the North Sea, to join the Rhine. In the beds of gravel, 
sand, and brick-earth then deposited by the Thames, along its sides, we 
find the remains of huge animals — the mammoth, rhinoceros, hippopotamus, 
with the hyena, wolf, lion, bear, &c., which must have crossed over when as 
yet the Straits of Dover had no existence. With them, too, we find the first 
traces of man in the form of the fiint implements rudely fashioned by him. 
The brick-earths of this period may be seen in the pits at West Drayton and 
Southall (where they are underlain by gravel), Hanwell (west of Asylum), 
Acton, Halliford, Highbury, Stoke Newington, Tottenham, Ponder's End, 
&c 

Alluvium. — Under this term we include the deposits of mud and loam with 
occasional seams of gravel, which border the present streams, and which have 
evidently been formed by their overfiowing in times comparatively recent ; in 
fact, the formation of such deposits is still going on. Such is the character 
of the Thames bank between Westminster and Vauxhall Bridges, and similar 
deposits occur along the course of the Colne and Lea. 

Scenery. — In the north and north-west of Middlesex the Woolwich and 
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Reading beds form a flat narrow surface, rising but little above the chalk. In 
turn the former are surmounted by the London clay, which forms a chain of 
low hills along the northern limit of the county, rising to a height of 505 feet 
on Stanmore Common, 440 feet at Brockley Hill, and 341 feet at Muswell Hill, 
and from these points slopes gently southwards. On this slope we find the 
outliers of B^shot sand already named at Harrow (405 feet), Highgate 
(426 feet), and Hampstead (443 feet), constituting the only well-marked features 
of the surface of the county. 

Water Supply. — Until a late period the beds of gravel and sand forming 
the glacial and post-glacial beds yielded a considerable amount of water, by 
means of shallow wells, to the towns and villages situated upon them, and 
many houses still derive a supply from these contaminated sources. Within 
the last half century, however, nimierous deep wells have been sunk to the 
chalk, which yields an excellent supply of pure though hard water. The 
following list of the depth from the surface to the chalk at various points may 
be of use :— 



Feet. 

Acton 284 

Bank of England 234 

Blackwall 237 

Bow 174 

Brentford 315 

Chiswick 299 

Colney Hatch 189 

Covent Garden Market 260 

Fulham 250 



Feet. 

Haggerstone 165 

Hampstead 378 

Harrow 158 

Hendon 244 

Isleworth 420 

Pinner 60 

Kuislip 76 

Tottenham 150 

Uxbridge lOO 



After reaching the chalk, however, it is usually necessary to bore into it for 
from 30 to 100 feet in order to ensure a good supply. 

Rocks below the Chalk. — Two very deep borings in London have proved the 
existence of beds beneath the chalk which do not crop out to the surface in 
Middlesex. (See fig. 63.) 



Kentish Town. 

Feet. 

London Clay 236 

Reading Beds 61^ 

Thanet Sand 27 

Chalk 644! 

Upper Greensand 13I 

Gault 130I 

Red Beds of doubtful age 
(probably Devonian) 188J 



Total 1,302 



Meux's BrewerUy Tottenham 
Boad. 



Gravel and Clay .. 

London Clay 

Reading Beds 

Thanet Sand 

Chalk 

Upper Greensand 

Gault 

Lower Greensand 
Devonian 



Court 

Feet. 
21 

51 
21 

28 

160 

64 

70 



Total 1,134 

The above sections show the absence in the one case and comparative 
thinness in the other of the Lower Greensand, a formation which it was hoped 
would furnish a supply of water ample enough, perhaps, for the wants of the 
metropolis. The presence of rocks of Devonian age is, however, of the 
deepest interest, and confirms the views held by Messrs. Prestwich and Godwin- 
Austen that a ridge of old rocks ranges below the surface in the neighbourhood 
6f London, connecting the rocks of Belgium with those of Somerset, and 
affording hopes of concealed coal-fields under the south-east of England. The 
Devonian beds pierced in the Tottenham Court Road boring were red and 
green shales, dipping at an angle of 30 degrees, and containing fossils 
(spirifera, ^-c.) which show them to belong to the Upper Devonian period. 
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n-ieml Inigthe h ifeli in ijpL After puiietrating uliout 70 feet of these ahalei, 
the burJDg was given op, as, 
lifter their age vas ones deter- 
minetl, it wrinltl have been nse- 
lee>e to cimttnae it. 

PHEiiifiTOKic 3Ias. — The 




roughly-fashioped flint imple- 
meatH found in the gravel beds 
atung the Hidee of the rirer- 
valleys, at heightu of from so 
to So feet above the existing 
Btreams. Sinee the formation 
of theue deposits the rivers 
have had time to eitavate the 
vallevs HO much deeper, a fact 
Thieh is alone Bumcient to 
indicate the great antiquity of 
the relics we uUnde to. 

The gravels of Hackney Down 
have yielded an oval flint im- 
plement, and Mr. Evana found 
jjS 1 one somewhat similar in the 

Is B brick-pit at Highbury New 

" ' " Park, near Stoke Sewington, in 
1868. In the gravels at Ealing 
Dean and Acton, Col. Lane Fox 
found Qumeroos specimens at 
depths of from 7 to 13 feet. 
These earliest of all tools are 
only roughly-fashioned nodules 
of flint, and are considered to 
belong to the Palaoliihic (old 
stone) age. There is a fine 
specimea in the British 
Museum, which was fonnd in 
Gray's Inn Lane, with ths 
bones of ao elephant, as long 
ago as the end of the seven- 
teenth century : it is of a 
pointed form, 6 inches long by 
4 inches wide at the butt. 
From the gravels, which in the 

4 north of London form a terrace 

5 aljout 70 feet above sea-level, 
3 Mr. W. G. Smith has with 
o great industry collected 113 
-^ perfect pnlseolithic implements, 
beside& some 1,400 flakes. 
^ . To the Sewer Stone age 
*.| (NtolUhic period) lieloogs the 

. i %^ c » I polished celt (aieheait) of grey 
^ = *i«'S'i ^'"'^ found during the main 
'S'S g^T£; drainage works for London, and 
■Fic^l^^jS DOW in the British Mnseom. 
B..a-_]o i-^-j inches long, and tapers 
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bbntt. Flint flakes, evidentlr 
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fabricated by man, and used as knives, have been fuund at Teddington, and a 
large and well trimmed flake, which seems to have been designed for a £>peii]v 
he^, was foimd by the Rev. J. C. Clutterbuck on Hounslow Heath. These 
things, in fact, are commoner than is usually supposed, and if educated people 

fenerally were to make themselves acquainted with the forms of these pre- 
istoric implements, so as to recognise them at sight, it cannot be doubted 
that many fresh discoveries would be made. 
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PUBUCATIONS OF TUE GEOLOGICAL SuRVEY. 

Maps. — Sheets : 3$, Forest of Dean (southern part) ; 36, Pontypool, Cardiff ; 
Quarter Sheets : 42, S.K Abergavenny; 42, N.K Hay, Talgaith; 43, S.W. 
Forest of Dean to Monmouth. 

Memoir, vol. i. -On the Formation of the Rocks of South Wales and the 
South-West of England; Ramsay on the Denudation of the Rocks of South 
Wales and the South-West of England. 

Important Works or Papers on Local Geology. 

l86i. Glass, Rev. N. — Silurian Strata near Cardiff. Geologist, vol. iv. p. 169. 
1872. Lee, J. E. — Notice of Veins or Fissures in the Keuper filled with 

Rhsetic Bone Bed at Goldcliff. Rept. British Assoc., p. 116. 
1879. SoUas, W. J. — The Silurian District of Rhymney ana Pen-y-lan, 

Cardiff. Q. Joum. G«ol. Soc, voL xxxv. p. 47$. 
1 88 1. Sollas, Prof. W. J. — Striated Triassic Pebbles near Portskewet. GeoL 

Mag. p. 79. 
See also Transactions of Woolhope Club; Transactions of South 

Wales Institute of Mining Engineers, &c. ; Murray^s Guide to 

South Wales (G. P. Bevan). &c. 

See also General Lists^ p, xxv. 

The strata which form this county belong mainly to two great geological 
formations — the Old Red Sandstone and the Carboniferous — ana though 
the structure of the district is in consequence simple and easily understood, 
it still includes points of great geological interest. 

Looking first at the broad physical features, we note (i) extensive tracts of 
low fiat marsh land, on the south along the Severn ; (2) the centre and east 
of the county is fertile, with much rich red soil and many fiat-topped hills, in- 
creasing in height northwards: (3) on the west we nave a mountainous 
mining district, the eastern portion of the great South Wales coal-field. 

All the rocks which form Monmouthshire are of aqueous origin — that is, 
they consist of sandstones, clays, and limestones, which were originally 
formed on the fioor of the sea or lakes, and have since been hardened and 
elevated. The present irregular outline of hill and vale is due to the action 
of the weather — of rain and rivers, and frost and ice, which have acted on 
the strata, wearing them away unequally according to their relative hardness 
and positions. 

We will now describe the various layers or beds of rock in order, com- 
mencing with those which form the foundation so far as is anywhere visible 
of the whole coimty, and which must therefore be of the earliest formation 
and greatest age. 

Silurian Formation. In the verj* centre of Monmouthshire, Silurian strata 
crop out, forming an oval area eight miles in length from Ffynonau on the 
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north to Llandegfydd on the south, and four miles in width from Usk on the 
east to Ysgubor on the west : the river Usk divides this Silurian area into 
two parts, that on the south-west of the stream being the larger. Although 
the features are not so well marked, this inlier of old rocks bears much re- 
semblance to the similar outcrop at Woolhope in Herefordshire ; the lowest 
beds exposed are the Wenlock Shales, here containing numerous be<ls of sand- 
stone, and occurring in the centre of the area at the Tucking Mill, Cilfigiin 
Park, Prescoed, Cefn Mawr, Monkswocxl, and Kemeys Commander. 

The Wenlock Limestone is of considerable thickness, and encircles the dome 
of Wenlock Shales ; it may be examined at Trostrey, Radyr, Glascoed, and 
Tynewydd. 

Then come the Ludlow Beds, consisting in the lower part of argillaceous 
shales, which become sandy in their upper division ; they contain calcareous 
bands, which represent the Aynijestry Liuiestone, as at Llancago Hill, Hill 
Bam, and Llanbadock ; Pentamencs gaUaius is a common fossil shell. The 
Ludlow Beds sweep round from Bettws Newydd by Usk, Llangibby Castle, to 
Llandegfydd, and thence northwards to Glasgoed Common, Pentwynn, and the 
Chain Bridge. 

The total thickness here exposed of these Silurian beds is 1,570 feet, of 
which 270 feet is limestone. The district is hilly, but the hills formed of the 
harder beds of limestone and sandstone run generally north and south, and do 
not present the amphitheatre-like shape which we see at Woolhope. On the 
east side the beds dip to the east, and on the west side to the west, the 
general structure being that of an anticlimil running north and south, of 
which the top has been worn away. All the beds are evidently of marine 
origin, for they contain numerous remains of trilobites (the genus Honia- 
lonotus is common) and shells, which must have lived in the sea. One point 
of special geological interest about these Silurian rocks of Monmouthshire is 
that they link together to some extent the eastern and western Silurian areas, 
the lower sandy beds reminding us of the Grits of Denbighshire, while the 
thick Wenlock Limestone indicates similar conditions to those which pre- 
vailed at Wenlock Edge, Dudley, &c. 

To the south of the main exposure, near Usk, there are several smaller 
outcrops of Silurian rocks, as at Llanfrechf a and near Rhymney; the latter 
area has lately been fully described by Mr. Sollas. The Wenlock and Ludlow 
beds here exhibit a total thickness of 954 feet of shales, sandstones, and 
mudstones, including only 4 feet of limestone. They form an east and west 
anticlinal, and are well exposed on the banks of the Rhymney below Cae 
Castell, and in a quarry where they are worked for road-metal. Fossils are 
numerous, including corals, shells, trilobites, &c. ; there is a thin bone-bed 
just at the junction with the Old Red Sandstone above. 

Tub Old Red Sandstone. — Rocks of this age form more than one-half of 
the surface of the county. The great extent of these beds in Hereford and 
Brecknock is well known, and they stretch into Monmouthshire in an unbroken 
mass on the north and north-west from the Black Mountains and Pontrilas, 
reaching southwards past Monmouth and Abergavenny, encircling the 
Silurians of Usk, and extending to the south-west past Newport. This mass 
of red rocks attains in the north of the county a thickness of from 8,000 to 
10,000 feet, but thins southwards to about 4,000 feet between Newport and 
Risca ; the change from the grey Silurian shales below to the red sandstones 
above is rapid and striking, and this change of colour is due to the presence 
in the latter of a little peroxide of iron. With this change of colour there is, 
too, a great change in the fossils; these are not so numerous in the Old Red 
as in the Silurian series ; they belong, too, to creatures which probably in- 
habited lakes and rivers, so that the Old Red Sandstone is considered to have 
been deposited in great freshwater lakes, or perhaps, as Professor Hull has 
lately suggested, in the estuary of some large river. 

In Monmouthshire the beds of Old Red Sandstone undulate in the centre 
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and north of the county, but ncoir the "Wye they dip Hteudily eastwards and 

pass untlenieath the Forest of ] ean Coal-field, while on the west side of the 

county they similarly dip westwanls, disappearing ])eneath the South Wales 

Coal-field. 

The following divisions have l)een recognised: 

y j Red and variegated sandstones and qimrtzose con- 

,, 1 ^ u • < glomerates, containing scales and plates of the 
t/onglomerate Series ) v? \ a \ u i ^ T- i n^ • i^i 

^ ( tossil nshes Holoptyrhms and Ptenchthyti. 

^P 1 1. I Marly sandstones and flagstones, red shales, and thin 

„ '^ . u • '. cornstones, with remains of Ccphala»/m (a fossil 
lirownstone Series I fl i \ i i \ 

I Pale coh)ured sandstones, red and variegated marly 
Lower or I l>eds with cornstones in lower p»irt. 

Comstone Series i Fossils: Ptery(jotm{vi crustacean), IHewipis^ Cepha- 

( liinph (fishes). 
There is no break or unconformability ; from Imttom to top stratum suc- 
ceeds stratum with perfect reguhirity. The "cornstones" are irregular 
bands of red or yellow ncxlular or concretionary limestone ; they form a 
rich soil ; formerly they were much (pmrried for burning inl o lime and for 
mending roads. Tintern Al)l)ey is built of Old Ked Sjindstone ol)tained from 
the Barl)adoes Quarry hanl l)y ; those portions of Chepstow Castle which 
were built of a similar stone in the twelfth century are now much decomposed. 
The principal hills formed of Old Ked are the Sugar Loaf, 1,85:! feet above 
sea-level, Skyrrid Fawr 1,498 feet (l)oth in north-west of county, the "brown 
stones" fonn their summit) ; Beacon Hill, which overlooks the Wye, 1,000 
feet; Kymin Hill near Monmouth is capped by quartz conglomerates. 
F'ossils are not common, l)Ut the enamelled plates, scales, and spines of a few 
species of fishes, remains of a large lobster-like crustacean (Ptcryijottui)^ 
and a few plants may l>e found l)y the diligent geologist. 

Carbonikkrous Formation. The Carboniferous stmta lie mainly in the 
west of Monmouthshire, the beds being those which form the eastern 
extremity of the great South Wales Coal-field. 

Carbon if erouii Liinentcnie. This is a grey or l)lue crystalline limestone, com- 
posed of the remains of encrinites, .'shells, &c. ; it must have slowly 
accumulated on the liottom of a deep and clear sea: shal(!s occur at the l*ase 
—the Lower LimcutoDe Sfutlen ; being soft, their positi(m is often marked by a 
narrow valley: the uppermost bed also consists of limestones alternating with 
dark shales. 

The Carboniferous or Mountain Limestone occurs in this county in two 
distinct areas, which were once connected. 

1. The Wye, between Tintern and Chepstow, lias cut a deep and winding 
way through this rock, which extends thence westwards to Itton, Lanvair^ 
Penhow, Magor, and Port ske wet ; the beds, which are here about 1,000 feet 
in thickness, dip to the south, passing under the Bristol Channel. The scenery 
along the Wye at Windclifl', Piercefield Park, and Chepstow is magnificent. 

2. In the west the Mountain Limestone forms a narrow fringe round the 
coal-field by Machen, Risca, Trevethin, and curves round the northern slopes 
of the Blorenge ; it has a steep westerly dip of from 20 to 60 degrees. Tn\H 
rock contains many caverns, wliich are often lined with beautiful crystals of 
calcite and quartz; sometimes they also contain valiuible deposits of iron-ore 
(hsematite) ; lead-ore also occurs, but is not now worked. There are largo 
quarries in which the limestone is worked to supply the great quantities 
annually used to mix with the iron-ore for smelting; the limestone acts as a 
flux, a much less heat sufficing to melt the ore when it is thus employed. 
The total thickness of the limestone, with its accomjmnying sliales, is in this 
area from $00 to 700 feet. 

T^te Miilafone Crrit. This is a hanl, coarse sandstone, sometimes a con- 
glomerate, which has been used for making cider mill-stones. Its thickness 
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is 330 feet; miners call it the Farewell Kock, because it underlies all the 
workable seams of coal. We can trace it on the west of and resting upon the 
band of limestone just described from Eisca, by Pontypool to Capel-newydd, 
then it caps the Blorenge, 1,720 feet in height, a grand l)asti'on-like eminence, 
which forms the north-east corner of the South Wales Coal-field. Like the 
limestone beneath, this grit forms a poor and barren soil, chiefly used to 
pasture sheep. Its surface is flat, forming a table-land with a slight southerly 
slope, on which rise rivers, whose course takes them to the Bristol Channel. 

The Coal-measures. — These include beds of shale and sandstone, 1 1,650 feet 
in thickness, between which there occur 75 seams of coal, only 25 of which, 
however, are more than 2 feet in thickness; the lower beds are also rich in 
ironstone. The minerals raised in 1877 were: coal, 4,350,785 tons, from 116 
collieries ; fireclay, 27,846 tons ; the iron-ore returns are not separated from 
those of South Wales, so they cannot be given. 

The following sulxlivisions have been recognised : — 

1. Lower Coal^meamires, with 34 coal seams (8 workable) ; ironstone bands 
with fossils, some of marine species. 

2. The Pemmnt Grit. — Thick sandstones, with 15 coal seams (5 workable). 

3. Upper Cocd-nieamires, with 26 coal-seams (9 workal>le). 

The coal of Monmouthshire is chiefly bituminous ; it is composed, as in 
other districts, of compressed vegetable matter. Although in the coal itself 
the individual plants cannot be distinguished, owing to the manner in which 
they have been squeezed and pressed by the immense weight of the rocks 
above them, yet in the beds of shale we often find single plants, as ferns, 
reeds (Catamites), gigantic plants allied to our club-mosses (Lepidodendron 
and Sigillaria), &c. 

The surface features of this coal district are remarkable ; the rivers run 
from north to south, and have cut deep parallel valleys, which are separated 
from one another by terraced hills rising to heights of from 1,500 to 1,800 
feet, and capped by the Pennant Grit. The valleys of the Ebwy, Sirhowy, and 
Rumney all converge towards the port of Newport, and each of these valleys 
is traversed by a railway which brings down the mineral treasures of the 
district, spoiling the quiet beauty and isolation of the land, but very useful 
for commercial purposes. Many of the coal-seams crop out on the hill-sides 
and are worked by adits, or galleries, which sometimes extend for miles. On 
the northern outcrop, near Tredegar, Ebbw Vale, Nantyglo, Beaufort, &c., 
what is called "patch-working" is practised; this is nothing more than 
quarrving the coal at its outcrop, in the open air. 

It IS the Lower Coal-measures which in this district are chiefly worked ; 
the Pennant Grit above them is comparatively unproductive ; of the Upper 
Coal-measures, only the well-known Mynydd Isslwyn seam extends thus far 
east. Six or seven well-marked faults run across the coal-region from north- 
west to south-east, ending oflf on the south against a cross-fault, which 
extends from Trevethin to Newbridge. 

The Trias. — Beds of this age occur only in the south-east corner of the 
county, between Chepstow, Portskewet, and Undy. 

The Dolomitic C<mglomerate occurs in six or seven patches at Undy, 
Lanfihangel, Mounton, and Claypit Farm south of Chepstow ; it is composed 
of lumps of Carboniferous Limestone, cemented together by carbonates of lime 
and magnesia ; it was, in fact, formed as a beach at the foot of the limestone 
hills. 

The Keuper Bed Marls form a narrow strip extending from Mathem to 
Portskewet, Caldicot, and Undy ; they also occur between Llanmartin and 
Christchurch ; no fossils are found in them. 

Kh^etic Formation. — Grey marls and black shales form the lower part of 
Gold Cliflf on the coast, and may also be traced east, north, and west of the 
Lias at Bishopston and Llanwern. 

The Lias. — The blue limestones and shaly clays of this age form the 
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capping of Gold Cliff: inland they occur at Langstone, Bishopston, Milton, 
and thence westwards to the Usk, on the other side of which there is a small 
patch at Maes Glas. Several lime quarries have been opened in these l^eds. 

SuKFACE Deposits. — Thick beds of gravel occur in the valleys, and cover 
the low ground formed by the softer beds of the Old Bed Sandstone. These 
appear to be in the main of local origin, yet glaciers may have contributed to 
their formation. Veiy few observations have yet been made in this district 
upon the surface tleposits, and it is greatly to be desired that local observers 
would search for and record the existence of any masses of rocks foreign to the 
district, which appear to have been brought bv natural agencies. 

The rivers have formed deposits of mini and gravel along their courses, but 
more especially at theiV mouths, where they enter the Bristol Channel. Here 
the sediment brought down has been deposited until a tract of low level land 
has been formed, which extends for 24 miles from Portskewet to Cardiff, and 
is from one to three miles in width. This region is known as the Caldicot 
and Wentloog Levels ; it is but little above the level of the sea, and is protected 
by an embankment or sea-wall. 

Prehistoric Max. — Few discoveries have been made in this county of relics 
belonging to tribes to whom iron was unknown. In a barrow, or burial-place, 
on Penhow, Mr. Morgan found part of a whetstone, with a bronze dagger, and 
numerous flint flakes. 
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Natural History and Scibntipic Societies. 

Norfolk and Norwich Naturalists* Society ; Norwich. Transactions, 
Norfolk Microscopical Society. 
Norwich Geological Society. 
Norwich Science Gossip Club. 

Museums. 
King*s Lynn Museum. 
The Norfolk and Norwich Museum, Norwich. 

Publications of the Geological Survey. 

Books, — Geology of the Fenland, by Skertchly, 40s. ; Manufacture of Gun- 
flints (at Brandon, &c.), by Skertchly, 17s. 6d. Geology of the Country Round 
Norwich, by H. B. Woodward. 

Important Works or Papers on Local Geology. 

1824. Taylor, R. C. — On the Crag Strata, at Bramerton, near Norwich. Trans. 

Geol. Soc., 2nd series, vol. i. p. 371. 
1824. Taylor, R. C .— On the Alluvial Strata and Chalk of Norfolk and Suffolk. 

Trans. Geol. Soc., 2nd series, vol. i. p. 374. 
1826. Taylor, R. C. — Notice of Fossil Timber, on the Norfolk coast. Trans. 

Geol. Soc., 2nd series, vol. ii. p. 327. 
1829. Woodward, S. P. — On some remarkable Fossil Remains found near 

Cromer. Proc. Geol. Soc., vol i. p. 93. 

1833. Woodward, .Samuel. — Outline of the Geology of Norfolk. 

1834. Taylor, Jno. — Strata in a Well at Diss. Trans. Geol. Soc., series 2, vol. 

V. p. 137 ; Proc. Geol. Soc., vol. ii. p. 93. 

1836. Fitch R. — Mastodon Tooth in the Crag at Thorpe. Proc. Geol. Soc, 

vol. ii. p. 417. 

1837. Clarke, Rev. W. B.- Physical Relations of Suffolk with Norfolk and 

Essex. Trans. Geol. Soc., 2nd series, voL v. p. 359 ; Proc. Geol. 
Soc, vol. ii. p. 528. 

1838. Mitchell, Dr. J. — On the Drift. Proc Geol. Soc, voL iii. p. 3. 

1839. Gunn, Rev. J. -On Paramoudras, and on the Drift. Proc. Geol. Soc, 

vol. iii. p. 170. 

1839. Lyell, Sir C. -On the Relative Ages of the Crag Deposits. Proc Geol. 

Soc, vol. iii. p. 126. 

1840. Lyell, Sir C— On the Drift and Associated Freshwater Deposits Com- 

prising the Mud Cliffs of Eastern Norfolk. Proc Geol. Soc, vol. 
iii. p. 171. 
1840. Trimmer, J.-^-On the Drift between Lynn and Wells. Proc Geol. Soc, 
vol. iii. p. 185. 
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1841. Lyell, Sir C. Fossil Fishes of Mundesley. Proc. Geol. Soc, vol. iii. 

p. 362. 
1844. Trimmer, J. — On the Drift between Weyhoume and Happisbiirgh. Journ. 

Geol. Soc, vol. i. p. 218. 

1844. Trimmer, J. ()n Pipes in the Chalk. Journ. Geol. Soc, vol. i. p. 300. 

1845. Munfortl, Rev. G. Submerged Forest at Hunstanton. Gentleman's 

Magazine. 
185 1. Trimmer, J. Generalizations respecting the Erratic Tertiaries of Nor- 
folk. Journ. Geol. Soc, vol. vii. p. 19. 
1856. Bunbury, C. J. -Draining a Mere, near Wretham Hall. Journ. Geol. 

Soc, vol. xii. p. 355. 
1858. Trimmer J. On the Boulder Clays of Gorlston Cliffs. Journ. Geol. 

Soc, vol. xiv. p. 171. 
i860. Prestwich, Prof. J. London Clay in a Well-boring at Yarmouth. Journ. 

Geol. Soc, vol. xvi. p. 449. 
1864. Gunn, Rev. J. Sketch of the Geology of Norfolk. 
1864. Seeley, Prof. H.— On the Hunstanton Red Rock. Journ. Geol. Soc, 

vol. XX. p. 327. 
1866. Fisher, Rev. 0. Relation of the Norwich Crag to the Chillesford Clay. 

Journ. Geol. Soc, vol. xxii. p. 19, and vol. xxiii. p. 175. 
5867. Harmer, F. W. -A Third Boulder Clay in Norfolk. Journ. Geol. Sec, 

^ol. xxiii. p. 87. 

1868. Dawkins, W. Boyd. — New Deer from Norwich Crag. Journ. Geol. Soc, 

vol. XX iv. p. 516. 

1869. Grantham, R. B. The Broads of East Norfolk. Journ. Geol. Soc, vol. 

XXV. p. 258. 
1869. Flower, J. W.- Flint Implements in the Drift. Journ. Geol. Soc, vol. 

XXV. pp. 272, 449. 
1869. Wood, S. v., and Harmer, F W. Intra glacial Erosion, near Norwich. 

Journ. Geol. Soc, vol. xxv. pp. 259, 445. 

1869. Wiltshire, Rev. T. — On the Red Chalk of H nstanton. Journ. Geol. 

Soc, vol. xxv. p. 185 

1870. Gunn, Rev. J.- Position of the Forcist Bed and Chillesford Clay. Journ. 

Geol. Soc, vol. xxvi. p. 551. 

1871. Prestwich, Prof. J.-- On the Crag. Journ. Geol. Soc, vol. xxvii. pp. 1 15, 

325» 452- 
187 1. Wood, S. v., and Harmer, F. W. — Outline of the Geology of the I pper 

Tertiaries of East Anglia. Palaeontogniphical Society's, vol. 1871. 
1877. Wood, S. v., and Harmer, F. W. — Later Tertiary Geology of East 

Anglia. Journ. Geol. Soc, vol. xxxiii. p. 74. 
1877. Reid, C- Modern Denudation in Norfolk. Geol. Mag., vol. xiv. p. 136. 
1877. Belt, Thos.- First Stages of the Glacial Period in Norfolk and Suffolk. 

Geol. Mag., vol. xiv. p. 156. 
1877. Norton, H. The Forest Bed of East Norfolk. Geol. Mag., vol. xiv. pp. 

320, 335 (Rev. J. Gunn), and 432 (B. S. Breese). 

1877. Reid, C. -Beds between the Chalk and Lower Boulder Clay, at Cromer. 

Geol. M^g., vol. xiv. p. 3CX). 

1878. Harmer. F. W.- Testimony of the Rocks; in Norfolk. Hamilton, Adams, 

& Co. 

1879. Newton, E. T. — Fossil Tortoise from Mundesley. Geol. Mag., vol. xvi. 

p. 304. 

1880. Fisher, Rev. O. -On the Cromer Cliffs. Geol. Mag., vol. xvii. p. 147. 
1880. Reid, C.- The Glacial Deposits of Cromer. Geol. Mag., vol. xvii. p. 

55- 
1880. Woodward, H. B. -Address to the Norwich Geological Society. Geol. 

Mag., vol. xvii. p. 72. 

1880. Reid, C. Classification of Pliocene and Pleistocene Beds. Geol. Mag., 

p. 548. 
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Fossils of Norfolk. See the publications of the Palieontographical 
Society, including the Crag MoUusca, by Searles V. Wood, Esq. 
(sen.) ; Cretaceous Corals, by Prof. Duncan ; Echinoderms, by Prof. 
Forbes and Dr. Wright ; Foraminifera, by Prof. Rupert Jones and 
Mr. Brady. 

Sec also General Lists, p. xxv. 

The strata of Norfolk have long been the subject of diligent investigation by 
local workers. Mr. Samuel Woodwanl published an excellent " Outline of 
the Geology of Norfolk," in 1833, and before his time Mr. R. C. Taylor had 
<lone good work at the Crag and Cliff sections. In the Journal of the Geolo- 
gicjil Society we have since had excellent papers on the Red Chalk of Hunstiin- 
ton by the Kev. T. Wiltshire and H. Seeley, on the Crag and Forest Be<l by 
Professor Prestwich, Mr. John Gunn, the Rev. O. Fisher, &c. Mr. Searles V. 
Wood's account of the Crag MoUusca, published by the Palaeontographical 
Society, in which every species is figured, was a grjind contribution, whilst for 
the same Society Professor Dunciin has described the Cretaceous Fossil 
Corals, Dr. Wright and iProfessor Forbes the Echinoderms, Mr. Sharpe the 
Cephalopoda, and Rupert Jones and Brady the Entomostraca and Foraminifera. 
Mr. S. V. Wood, jun., assisted by Mr. Harmer, has described the Glacial 
Deposits with a skill and care which are worthy of the highest praise, and 
among other workers we may mention Messrs. Trimmer, Rose, John Evans, 
J. W, Flower, Norton, and J. E. Taylor. 

In the Norwich Museum there is a splendid collection of local fossils, and 
the Norwich Geological and Naturalists' Societies and the Norwich Science 
Gossip Club have done and are doing good work. 

It is, however, to the Government Geological Survey that we look for a full 
and decisive account of the recks of any psirt of England. The officers of the 
Survey, however, begjin their work some foity years ago in the south-west of 
England and in Wales, and have ever since been advancing eastwards, until 
quite lately they have begun to extmiine the counties which border on the 
North Sea. The geological map of Norfolk, on the scale of one inch to one 
mile, which they will prepare, together with the memoirs published to 
describe the country, will, doubtless, set at rest many vexed questions and 
form a noble contribution to the science oi Geology-. Already Mr. S. B. J. 
Skertchly has written un excellent account of the " Fenland," together with a 
most interesting memoir on the gun-flint manufacture at Brandon, whilst 
vjiluable notes have been issued bv Messrs. W. Whitaker, Horace B. Wood- 
wartl, W. H. Penning, J. H. Blake and Clement Raid. 

As a resident of a county, two-thirds of whose outline is encompassed by 
the sea, the geologist dwelling in Norfolk enjoys a great advantage ; indeed, 
but for the fine sections of the glacial deposits exposed in the cliffs it is almost 
certain that these puzzling beils could never have been satisfactorily examined 
or understootl. The coast line imdulates both in height and outline : King's 
Lynn (St. John's church) is 16 feet above the sea, Holkham (church) 94 feet, 
Cromer Lighthouse 248 feet, Cromer Church 68 feet, Mundesley (church) 115 
feet, Trimingham (church) 195 feet, Hasborough (church) 70 feet a«d Winter- 
ton Lighthouse 61 feet. 

The surface of the coimtry generally is flat and imdulating : along a line 
across the centre from west to east the Ordnance Survey levelling gave the 
following heights :- Walsoken (church) 13 feet. West Bilney 54 feet, Swaffham 
(church) 238 feet. East Dereham (church) 165 feet, Hockering (church) 163 
feet, Norwich Castle ill feet, St. Mar}''s Church 18 feet, and Great Yarmouth 
(St. Peter's Church) 23 feet. 

Taking a general view we find, on the extreme west, a smallportion, just the 
edge, of the Fen district, extending from Welney and Hilgay fen to the Wash ; 
then comes a wooded escarpment of sandy hills (Lower Greensand) running 
from Snettisham to Sandringhjim, beyond which is a gently rising slope leading 
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up to a line of low chalk hills, which run from Hunstanton and Bumham 
Westgate southwards by Swaffham to Thetford : east of this line the chalk 
stretches right across to the sea, but is so covered over by later deposits as to 
be rarely visible at the surface, except on the foreshore between Weyboume 
and Cromer, and in the valleys of the principal rivers. The watershed of the 
county lies nearly in the centre, along aline passing from Brancaster, through 
Litcham, Dereham, Hingham, ami Attleborough, to Lopham Ford, where the 
Waveney and Little Ouse rise within a few yards of each other and then flow 
in diametrically opposite directions. 

The rocks of Norfolk fall naturally into two dinsions : the first includes 
those of Secondary and Tertiary age, which form what we may call the sclid 
geology of the county ; these have a general easterly dip, so that the oldest 
rocks crop out on the west side of the county : the second division comprises 
all those surface accumulations, whether of glacial, alluvial, or marine origin, 
which lie upon the older beds in an unconformable and irregular manner. 

The Oolitic Formation. — On the east side of King^s L3mn and runninp^ 
northwards along the Wash nearly to Hunstanton, and southwards past Wat^ 
lington to near Downham Market we have a narrow strip of Kimmeridge Clay ; 
this is the Oaktree Clay of William Smith, who noticed that oaks grew 
remarkably well upon it : it is a tenacious dark-coloured clay, but exposures 
are scanty in this neighliourhood : dipping eastwardly it passes under the 
chalk, &c., and was proliably reached at a depth of 743 feet in a deep well- 
l)oring at Holkham ; but before we reach the east coast it is absent, Iiaving 
thinned out or been denuded, as the deep boring at Harwich showetl no trace 
of it. The Purbeck and Portland beefs, which rest upon the Kimmeridge 
Clay in the south of England, are here absent. 

The Neocomiax Formation. — The Wealden strata being also "absent, the 
Lower Gree^im'udreiKiaeH directly on the Kimmeridge Clay : it is locally termed 
CnrsfonCj a word which may be derived from " Quemstone," as some of the hard 
beds were formerly used to make the querns or stone hand-mills in which our 
ancestors ground their com. This Lower Greemtand consists of alternating 
beds of red and white sand and sandstone about 70 feet in thickness: it forms 
the lower portion of Himstanton Cliff, where it is of a yellow tint above and 
dark-brown below, loose and sandy and full of small pebbles : near the l>ase is 
a line of nodules containing Ammonites Deshayemi, Pema midleti ^'c. From 
this point the sandstone can be traced southward by Snettisham and Castle 
Rising to Downham Market. The hartl beds called " ginger-bread stone " are 
used for building purposes, and the white sands in the manufacture of glass. 
At one place there is a seam of fullers' earth. 

The Gault (and Red CiialkJ. One of the most attractive geological sections 
on the coast of England is exhibited in Hunstanton Cliff: its base formed of 
Carstone- we have just described: upon the yellow sands which constitute the 
top of this division there rests a band of bright " Red Chalk,** four feet thick, 
above which, forming the top of the cliff, comes the White Chalk 40 feet thick ; 
the extreme height of the section is only 60 feet, but as all the beds slope or 
dip to the north and east at an angle of about two degrees, a slightly greater 
thickness of strata is visible than if they were all horizontal. The bed of Reel 
Chalk, as it has been named, has attracted much attention : it is full of fossils 
— Bekmnites minimus, Spongia (or Siphonia) paradoxica, Terehrafida hiplicata. 
Ammonites nnritus, and about fifty other species, of which two — Boitrgueticrimts 
ntgosm and TerehratuJa capillata are, in England, confined to this deposit. 
This red bed can be readily traced for 8 miles southwards to Sandringnam ; 
a little further south, at Flitcham, a red clay was found to underlie the white 
chalk, and further south still a stiff blue clay the well-known Gaidt — appears 
to have taken the place of this re<l clay. Thus the Gaidt and the Bed 
Chalk would seem to be of the same age, and this impression is confirmed by 
a study of the fossils, which are to a lai^e extent common to both formations : 
the colour is no objection, but Ffither tends to confirm this opinion : analyses 
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by Mr. David Forbes showed that ordinaiy Gault contained nearly 6 per cent, 
of protoxide of iron, while the Red Chalk contained almost exactly the same 
amount of peroxide of iron : now the former salt of iron readily changes into 
the latter, as we see when the blue Gault Clay is burnt into red bricks ; the 
change is brought about by the simple addition of oxygen. 

It is possible that the upper portion of the Red Chalk may represent the 
Upper Gree/niand of the southern counties, and this is a point to which the 
attention of local geologists may well be directed, as its proof or disproof must 
rest mainly on extensive collections of fossils made with great care and with 
special reference to the position in the bed in which they occur. In the 
Holkham boring, after passing through 20 feet of gravel and 635 of chalk, the 
Re<l Chalk was found to be 8 feet thick, and to rest on 10 feet ol**Blue 
Gault,** so that here the red bed would seem to represent the upper part of 
the Gault only. 

At Norwich the l>oring showed 12 feet of alluvium, then 1,042 feet of Chalk, 
6 feet of "Upper Greensand** and 36 feet of Gault, in which the boring 
stopped : the stratum termed " Upper Greensand ** may only have been an 
upper sandy division of the Gault. 

The Chalk. — This rock is seen on an ordinary geological map to form a 
larger proportion of Norfolk than of any other Elnglish county ; yet the portion 
of which it is the actual surface is comparatively small : this arises from the 
fact that in such maps the Drift — as the glacial deposits are termed is not 
shown, and the Drift lies thickly upon the chalk in this county. Every person 
is familiar with the appearance of ordinary white chalk: it is a soft white 
earthy limestone nearly pure carbonate of lime in fact, which the microscope 
shows to }>e largely composed of <the minute shells of foraminifera : these are 
minute animals, occupying a very low place in the scale of creation — mere specks 
of jelly to look at — which construct for themselves a calcareous covering or 
shell : they seem to live chiefly near the surface and at a considerable distance 
from land. Many soundings of late years have shown that the bed of the 
North Atlantic and other portions of the ocean floor is composed of a whitish 
ooze formed of the shells of forams which have sunk to the l>ottom after the 
death of the inhabitant : in this manner the chalk was proliably formed, and 
the period required for the accumulation of this deposit, having a thickness in 
Norfolk of upwards of 1,000 feet, must have l>een of immense duration. Three 
divisions can 1»e made in the chalk of this district. 

( 1) 7iJ« Chalk Mari. — In the Hunstanton Cliff section al>out 4 feet of a greyish- 
white limestone is seen to rest on the red Ijand ; this white l>ed is the chalk- 
marl : it is only al>out four feet in thickness, and in the lower part we find the 
same branching sponge which occurs in the Red Chalk ; the upper portion is 
full of the fragments of a shell called iHOceramn^i ; some lai^ ammonites also 
occur in it. 

(2) The Lower or Hard Chalk.- -This forms the upper portion of Hunstanton 
Cliff. Passing inland, we can follow it by means of quarries through Stiettis- 
ham, Gayton, Xarham. NarlK)rough, Whittington, and Stoke-ferry to Feltwell 
and Hockwold-eum-Wilton : it is much used in western Norfolk, together with 
carstone, for the construction of cottages and farm buildings ; many carvings 
and monuments for the interior of churches have also l>een executed in it. No 
flints occur in this Lower Chalk : its thickness in the deep l>oring executed by 
Mather and Piatt for Messrs. Colman, at Norwich, was found to be I02 feet, 
and in the Holkham boring 1 16 feet. Of fossils it has yielded bones of a large 
saurian- lehthyoMum-gcampyl^Mlon — and two ammonites — Ammonites peramplus 
and A. amfteMii — large species a1>out two feet in diameter. 

(3) ^* Upper Chalk, or Chalk with Ffintit.— This division comes on to the east- 
ward of that last descril>e<l and forms the great bulk of the formation : in the 
Norwich boring it was found to attain the great thickness of 940 feet, and at 
Holkham (where the upper portion has been denuded) 519 feet : it yiehln a 
large supply of good but hard water. The dip of the Chalk is to the east- 
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wanlH, about 48 feet per mile, or half a degree. The lower part of this 
division is exposed at Brancaster, Docking, Lexham, Litcliam, Swaffham, and 
Thetford ; the texture of it more compact, and the flints fewer than in 
higher beds. As we pass eastwards we find numerous chalk-pits at Wells, 
Holt, Coltishall, Horstead, Whitlingham, Postwick, Trowse, &c. The flint» 
mark the stratification well, and are usually arranged in horizontal layers 
about five feet apart. On the origin of flint, Mr. S. Woodward makes some 
acute remarks in the Geology of Norfolk, which, as we have already mentioned, 
he published in 1833. He writes : -" The fact of the regular parallelism and 
stratification of the flinty nodules, is, we conceive, a sufficient refutation of 
their animal origin ; addetl to whicli there is not a greater number of organic 
remains to be found in the flinty stratum than is seen distrilmted in the 

adjoining bed of Ch.ilk In accounting for the different 

appearance of the Chalk formation in its upper and lower beds, we venture to 
atlvance it as our opinion, that, the whole being deposited in one homogeneous 
mass, in which about 12 per cent, of silex was equally distributed, the lower 

part began to consolidate ere any arrangement of the siliceous 

pirticles could take place, whilst in the upper part these particles, by 
chemical attraction, congregated themselves into the nodular and tubular forms 
under which they appear." In several quarries near Norwich, as at that 
famous one at Horstead, figured and described by Sir Charles Lyell, and at 
Trowse, immense pear-shaped flints, from two to five feet in length, and half 
as much in breadth, are found, several often occurring one above the other; 
for these Dr. Buckland imported the name Paraniondniy an Irish word for 
similar masses occurring in the chalk near Belfast : they are often hollow, and 
seem to have been formed by the accumulation of flint round gigantic 
decaying sponges. Of shells, tlie commonest species, near Norwich, are 
Terdrrattda carnea, and RhynchoneUa plicftfiliM. At Bishop's Bridge fine 
specimens of a great reptile the Motfcutauriis have been met with, but these 
are usually so decayed that only the teeth can be extracted. "Remains of 
Leiodo9i auceps, a I^certilian reptile allied to Mosimanrun, have been obtained 
by Mr. T. G. Ba\'field, at Lollard's Pit, Norwich. But the very highest l>eds 
of chalk known m Norfolk, are those which occur at Trimingham, and which 
contain fossil sponges in the flints, only found elsewhere in the coarse flint- 
gravel which caps Mousehold Heath." (H. B. Woodward.) 

In many sections the upper 5 to 20 feet of the chalk appears to be 
re-arranged, mixed up with clay and sand, and containing broken flints with 
pebbles of quartzite, &c. : the beds beneath, too, are often tilted and 
disturbed : these appearances are due to the passage of glaciers over the 
surface, as will be describe<l further on. 

Tertiary Period. - An interval of time, whose duration must have been 
great indeed, elapsed after the formation of the chalk before any fresh deposits 
were laid down in this area: the best proof of this great interregnum is found 
in the entire change of life which took place in this interval. In the strata we 
are now about to descri]>e not one fossil is identically the same as those which 
occur in the older beds : this point then is selecte<l by geologists as a great 
line of demarcation ; the chalk is assigned to tlie Secondary Period, and the 
stratified beds which rest upon it to the Tertiary. 

Eocene Formation. The presence of beds of this age in Norfolk was not 
suspected until the cores brought up from a deep well-boring at Great 
Yarmouth in 1840 (for Sir E. Lacon & Co.) were examined many years later 
by Professor Prestwich, together with the Rev. John Gunn and Mr. Rose : 
the lK>ring passed first through 50 feet of blown sand, then through 120 
feet of recent estuarine deposits: at a depth of 170 feet a light-brown 
clay with numerous concretions was found, and proved to ]>e 310 feet 
thick ; this, though no fossils were brought up. Professor Prestwich states is 
MmXoMhXed London Clay; beneath it came 46 feet of Woolwich and Readhig 
Beds: the chalk was found at a depth of 526 feet, and pierced to a depth of 



/ 



NORFOLK. 189 

57 feet. These Eocene beds are nowhere exposed at the surface in Norfolk, 
but tliey may extend some little distance inland towards Mundesley and 
lieedham, covered over and concealed by newer deposits. 

Pliocene Formation.— In th(5 neighbourhood of Norwich, and along a 
narrow strip on the north side of the river "Waveney, near Bungay, we see 
resting on the chalk some beds of sand, clay, and shingle, not more tlian 30 
feet in thickness, and often containing seams or banks of shells ; these beds 
are termed the Norwich Craa {crag is derived from the Celtic creggan, a shell, 
the beds being often so shelly as to be used for improving land). They were 
first well described by R. C. Taylor in 1823 ; subsequently E. Cliarlesworth 
distinguished them from the Suffolk Crags by the name of the Mammaliferous 
Crsig. The term Fluvio-aiarine Crag has also been applied to the lowest 
portion of the crag. In Suffolk and Jilssex l>eds called RedCnig and Coralline 
Crag also occur, which were deposited (the latter at all events) before the 
time of the Norwich Crag, although the Norfolk series may perhaps l>e coeval 
with tlie upper part of the Red Crag of Suffolk. In the large chalk-pits near 
Norwich, as at Trowse, Whitlingham, Thorpe Limekiln, and at Bramertonand 
Postwick Grove, also at Horstead and Coltishall, in the Bure Valley, the 
Norwich Crag is well exposed. Here, resting on the chalk, can be seen the 
" stone-bed," showing an eroded surface of chalk, Ixjred by Pliolas, on which 
lie large flints, upon and between which are many l>ones of large mammals, as 
Mastodon arvernevsis^ Klephas meridionalia, tlie horse, stjig, ox, beaver, &c. 
Above comes the Norwich Crag proper laminated clay, sand, and shingle, 
with here and there patches of shells; the commonest species are Tellhia oh- 
liqua, Mactra oval is, Purpura lapillus, &c. Resting on the Norwich Crag, of 
which they may be regarded as a sulwlivision, we And the ChiUesford Be(h — 
sands and clays about 5 or 10 feet tliick, containing such shells as Astarte 
horealis, Tellina. lata, &c. A fine section of the Chillesford Beds is exposed in 
ii brick-pit near Aldeby and about four miles from Beccles. This \)\t has been 
carefully searched by Messrs. Dowson and Crowfoot, who have obtained more 
than 70 species of mollusks from it. Altogether ill species have l)een ol>- 
tained from the Norwich Crag proper, 24 of which are land or fresh water 
forms, and there are 18 extinct species. From the Chillesford Beds 87 species 
have l)een obtained, 14 of which are not known as living. The uppermost 
portion of the Crag, sometimes called tlie Bure Valley Beds, contains Tellina 
Balthica. It is seen at Belaugh and Weybourne. 

All the above beds were probably deposited in a shallow sea, the coast line 
of which lay some few miles west cf Norwich, and near or in the estuary of 
a large river. The shells show a gradual change of climate, the Mediterranean 
forms met with in the lower strata gradually disappearing, and those of 
colder seas becoming more abundant. 

In a few places on the cojist we see other Pre-Glacial Beds exposed, as at 
Cromer, Rimton, and "Weybourne ; these include the Forest Bed, which can be 
tmced from Runton by Cromer and Hasborough to Kessingland, in Suffolk, a 
distance of about 40 miles. At low water, or after heavy storms, the stumps 
of trees may be seen imbedded in laminated clays and sands ; cones of Scotch 
fir and spruce are common, with bones of such large mammals as Mephas 
antiquum, Hijypopotamus, Rhinoceros, many species of deer, &c. It is now 
generally considered that these bones were washed out of some older deposit, 
and it is even doubtful whether the trees grew on the spot where we now see 
them. The Weybourne Savds and Bvre Valley Beds are of the same age as the 
Forest Bed ; they contain Tdliim balthica, a characteristic glacial shell. 

Quaternary Period. — The Pleistocene Formation incluaes all the deposits 
connected with the last glacial period ; of these Norfolk presents a series 
more complete than is to be met with in any other part of the British Isles. 
Fossilized remains of large mammals have been obtained in great numbers 
by the fishermen who with their nets sweep the shallow floor of the German 
Ocean. Of these the late Rev. James Layton formed a magnificent collection 
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which is now in the British Museum ; it is stated that he had at one time as 
many as 600 grinders of the elephant in his possession. Fine collections have 
also been made by the late Miss Gumev, of Northrepps, the Rev. John Ounn, 
and Messrs. C. B. Hose, Owles, Steward, and Nash. Many fine tusks of the 
mammoth, measuring from six to nine feet along the curve, have been dredged 
up from the Knole Sand, off Hasborough. Miss Gumey's collection is now in 
the Norwich Museum. 

Lower Glacial Beds. -N-ext we have a series, about 200 feet thick, com- 
mencing in the Lower Botdder Clay, or Cromer Till, which shows an undoubted 
glacial origin ; it is a greyish clay, containing rounded and scratched stones, 
such as chalk, flint, basalt, pink granite, &c. ; then we have the Contorted 
Drift, a j^ellowish, loamy and gravelly deposit, remarkable for the way in 
which it IS seen to be bent or " contorted " by some force acting after its do- 
position. It contains enormous masses of chalk, some of which measure 
hundreds of feet in length. The contortions and included chalk masses are 
believed by some authorities to bfr due to the grounding of great icebergs 
floating slowly southwards ; by others they are considered as the effects of 
land ice. A few marine shells occur, among which TeUiiia balthica is recog- 
nizable. These Lower Glacial Beds stretch inland and cover the surface of 
a considerable area in the north-east of Norfolk, as far south as the course of 
the Yare and Wensum. 

Middle Glacial Beds. -These are sands which appear to mark a com- 
paratively warm or " inter^lacial " period ; they are from 15 to 70 feet thick 
and occupy large areas, cropping out from beneath the chalky l)Oulder clay. 
Shells have been found at Billockby, eight miles north-west of Yarmouth, in 
a thin shelly seam, about four or five feet below the top of the sand. Great 
interest attaches to these beds, for near Brandon, brick earths of this period 
have yielded flint implements — the undoubted work of man. 

Upper Glacial Beds. -The well-known Great Chalky Botdder Clay spreads 
over the centre, south, and south-west of this county ; its extreme thickness 
here is above 100 feet. It is a stiff bluish chiy, quite unstratifled, and con- 
taining fragments of chalk of all sizes, together with a heterogeneous collec- 
tion of rocks and fossils, derived from almost every formation. It appears to 
have been formed beneath, or pushed before a great glacier advancing from 
the north. The broads are due to fluviatile and in part, perliaps, estuarine 
action — the nieres occupy hollows in the l)Oulder clay, sod are most likely duo 
to dissolution of the chalk beneath and subsidence of the boulder clay. 

Hill, PUUeau, or Flood Gravels. — ^These are coarse gravels, which seem to 
have been formed by flocxls resulting from the melting of great glaciers. The 
" cannon-shot " gravel of Mousehold Heath is a good example ; this is mainly 
composed of large much battered flints, with 'quartz and quartzite pebbles. 

Poht-Glacial Deposits : - 

Valley Gravels. - Numerous beds, of very different ages, are included under 
this term ; some in West Norfolk belong to a system of rivers, which flowed 
nearly at right angles to those of the present day. These beds have yielded 
many flint implements. 

In the cliffs at Mundesley there is an old filled-up river bed, which has 
lately yielded remains of a tortoise (Emm lutaria). 

Blown Sand- -forms the "Marram Hills," between Winterton and Has- 
borough : these form a natural barrier against the sea, and are kept up with 
great care. 

The Fen-lteds.- The gravelly beds between Brandon and Hfx;kwold-cum- 
Wilton, and the Nar Valley Clays, which extend from Watlington to Narford, 
seem to be the oldest of the Fen deposits : the peat of Hilgay Fen comes next ; 
and, as we follow this northwards, we And it becomes int erst rati fled with a 
marine deposit of silt, which forms the land between Downham Market and 
Walsoken northwards to the Wash. This Fen district is the " Marshland " of 
Norfolk; and, in its flat surface, its remarkable drainage system, buried 
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forests, &c., has many points of interest all its own. Of the former condition 
of this r^on, Mr. Skertchly has given us a striking picture. — " Great meres 
existed which received the surplus waters ; and, surrounded with reed-brakes, 
such as even now the country produces with surpassing beaut v, afforded shelter 
to myriads of wild birds, which found abundant food in the waters. Dank 
morasses, covered with sedge and rush and flags, abounded on the peat lands, 
and the cushion-clumps of sedge (Carex panicuUita) afforded a hazardous foot- 
hold to the nimble wa^'farer. On these morasses, and on the firmer, or rather 
drier soil, grass attained a rank luxuriance; and here the cattle grazed, and 
throve wondrously. But in winter, nearly all the peat-land was d&x)wned, or 
AS the old fen-men say, " surrounded." and then the hardy inhabitants went from 
island to island in small l)oats, or travelled quickly over the smooth ice. The 
border-land was clothed with forest-growth ; and, seawards of the timber-trees, 
clumps of willow and sallow gave shelter to 'the wild-boar and the wolf. On 
the silt-lands the lower portions were surrounded in winter, and often far into 
the sunmier ; and East and West Fens (and especially the former) almost 
always presented a lake-like appearance. The soil was fertile ; the waters, 
the woods, and the air were tenanted with game. Famine could never be 
known, for the land literally overflowed with food, and, as a consequence, the 
people degenerated into a thriftless race, whose only strong passion was a love 
of freedom." 

Now all this is changed ; the great works which have been carried on, almost 
without intermission, from the time of Charles L to the present day have 
so drained the land, that in dry years (as 1874) there is a positive lack of 
water. 

Denudation of the Coa«t. — The coast of Norfolk, especially where it rises 
into cliffs of any height, has suffered greatly from the action of the sea, com- 
bined with that of landsprings ; the sea, by dashing against the l>ase of the 
cliffs, using as missiles the fallen stones, rapidly undermines them, when the 
upper part falls in and is swept away by the waves : the springs flowing along 
the junction of pervious beds (sands) with impervious ones (clays) loosen the 
adhesion of the beds and the upper part slides down on to the beach : in this 
way the whole coast is receding at the rate of perhaps one yard per annum. 
" Since the Conquest the vill^es of Shipden, ICeswick, Clare, Wimpwell, 
Eccles, and Ness, or the greater part of them, have been washed away. The 
remains of Eccles Church are still to be seen, buried as it were within the 
Marram Hills." (S. Taylor.) A letter by Mr. C. Reid in the " Geological 
Magazine," thus descrioes the damage done by the storm of January 30th, 
1877 : " I have examined the coast from Hasborough to beyond Sherringham, 
and the damage done is marvellous. Probably the loss of land along the 
whole line of coast mentioned may be estimated at a yard. At the life-boat 
gap at Bacton the amount that has gune is 15 yards, and a strip of about that 

width is missing as far as the Walcot Gap (three furlongs) The most 

serious loss is at Lower Sherringham, there Mr. Upcher has lost two acres ; 
nearly all the sea-wall has been swept away none of the gangways are left ; 
a cottage and a shed have fallen into the sea, the inn on the cliffs has had the 
windows broken, and is in a very unsafe condition, and should another gale 
occur now, much of the village will go. Mr. Upcher informs me that he 
reckons his loss of land during the past sixty years to be thirty acres at the 
very least." 

Prehistoric Man. — Of the comparatively rough flint implements which 
belong to the older or PaJUeolithic division of the Stone Age, many specimens 
have been found in the old riveivgravels along the valley of the Little Ouse, 
at Lopham Ford, Shrub Hill near Feltwell, White Hill and Red Hill near 
T^etford, Bromehill near Weeting, &c : these were chipped into shape but 
neter polished ; they are either pointed or oval in form, and the average size 
is from 5 to 7 inches long and 2 to 4 broad. Of the later or Neolithic Stone 
Age numerous specimens of celts (axe-heads), arrow-heads, flakes, cores, &c.. 
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havB betn toiind un or nenr the niirfiiee, or in birrowB at, Attluliorougll, 
A/laham, Cn>mer, Necton, Niirtli WHl»liHm, Penluey, Sporle nenr Swuffhnni, 
Norwich, &c. In tlie meres Ht. Wretlmm, 5 laWea north of Thetfonl, traces <if 
undoubted Inkp-dwellinga were met witli ; these h«ve been descriheil by 
Professfir A. Newtuii nml Sir C. Bunbury. The Seolithio tools are of delicate 
and varied shapes. hiuI often tiear nuirks of rublving or polishing. In 1831 h 
polished flint celt was found emliediled in H tree-trunk tn the " salimerged 
forest" near HiuiBtnnton. The flints, of which these tools are almost invari- 
ably composed, were of coiiree obtitined from the chalk, and at a place cnlled 
"Grimes Oraves" in the parish i>f Weeting, about 3 miles north-east of 
Bisiulon, it seems prolmble that we have pits sunk by these old Neolithic 
workers for the purpose of obtaining; this material. One of the pits here was 
explored by Canon Oreenwell in 1S70 : he founil some of the old tools — picks 
' of deer horn- which in r)ne place had lieen liHrie<l underneath a falling 




of the chalk. "The day's work over, the men had laid down each his tool, 
ready for the neit liay's work ; meimwhile the roof htd fallen in, and the 
picks had never been recovered. ... It was a most impressive sight, and one 
never to be forgotten, to look, after a lapse, it may be, of 3,000 years, upon 
H piece of work nnfinisheit, with the tools of the workmen still lying where 
they had been placed so many centuries before." These picks still retained 
upon their chalky incruslaiioo, the iinprBBsions of the workmen's flniers. 

There is no passage from the Palieolithic 10 the Neolithic period; the two 
ttland distinctly amrC with no links between them; this great gap is now 
accounted for by Dr. Geikie, Mr. Skertehly, and other eminent geologists, by 
the supposition that n period of ghicialion intervened and drove man oat of 
this country to warmer climes: the men who made and used the Pulieolit hie 
implemenis were Pre-glacial or Inlep-gUcial ; the Neolilhs were Post- 
glacial. 
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Geologicallt speaking NorthamptcMishire cannot Ite called a neglect etl county. 
Maps of the southern and central divisions, coloured so as to show where each 
rock occupies the surface, were issued by the Geological Survey l^etween 1859 
ami 1864. and these, together with the accompanying descriptive memoirs by- 
Messrs. Green. Aveline. and Hull, should Ite ol>tained by all who wish to have 
a thorough knowledge of the district. Of the northern portion Prof. Judd*» 
admirable Map and Memoir, published in 1872. have given us an exhaustive 
account, while Mr. Sharp has also worked imle&tigably and has formed a grand 
colleetioo of local fossib. 

The rocks that compose this county are in age ami character midway 
lietween those «>lder l»ed> which lie to the west, forming the cual-fields <^ 
WarwidLshire, &c.. ami the newer chalk deposits which occur to the east. 
The strata run in lone l«iml> of varying width from north-ea»t to south-west, 
coinciding almost exactly with the longest axis of the county, which is much 
elongated in this direction. The dip or slimt of the rodLHuasees is towards 
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the south-east, so that they overlie one another in this direction. Thus if we 
were to make a very deep Ixiring, say at Stony Stratford or Peterl>orough, 
we should find at a considerable depth, the same blue clays (lias) which occupy 
the surface on the west, near Market Harborough and Rugby. 

The coincidence of the form of the county with the strike or direction of 
the strata, is thus favourable to the display of any particular bed or beds, as 
we can trace them over great distances and compare them at many points, but 
it is not favourable to the occurrence of any considerable series of beds. In 
fact Northamptonshire may be designated an Oolitic county, i.e, one in which 
the Oolitic strata are most interestingly shown, but to the almost entire 
exclusion of anything else. Owing to the tilting of the rock-beds the oldest 
or lowest come to the surface in the extreme west of the county, and we shall 
commence with them, as they form the foundation or base upon which the 
others are deposited. It should be remembered that the term rock is applied 
geolc^cally to a mass of any substance which enters into the composition of 
the earth's crust, whether it be soft or shifting as clay or sand, or of the 
hardness of granite and slate. 

The Lias.— This term is applied to a thick series of clays, shales, and lime- 
stones, which stretch across £ngland from Dorset to tne Yorkshire coast. 
The total thickness is about 800 feet, but this is divided into three parts by 
variations in the character of the rocks and bv the different fossils we 
find, according as we examine the lower, middle, or upper part of the 
series. 

Lcwer Lias Clays. — These are bluish clays, in thickness not less than 500 
or 600 feet, which form the western side of the county, stretching in from 
Warwickshire and Leicestershire, where their lowest beds occur. From 
Banbury northwards by Cropredy, Claydon, Priors Hardwick, Braunston, 
Kilsby, Claycoton, and on to Market Harborough we find these blue shaly clays 
forming a flat and uninteresting country, sparsely habited and chiefly in 
pasture. In all the upper part of the valley of the Nen too, from Rislingbury 
to Badby, the bed of the river is formed by an inlier of the Lower Lias, the 
stream having cut its way down through the overlying formations. 

TJie Marlstone (or Middle Lias). — The hard " Rock-bed " as it is termed, is 
very thin in the north, near Harborough, not more than a foot or two thick, 
but it thickens southwards to about 20 feet where it erosses the Cherwell ; 
the junction with the Lower Lias is easily traced, as being harder it has better 
withstood denudation, and so forms a low escarpment facing to the west. The 
rock-bed is a ferruginous limestone, reddish brown where exposed to the 
weather, but green or blue when dug at any depth. Fossils are very numerous 
but of a few species only, Bhynchondla tetrahedra and Terebrattda jpunctaia 
occurring in beds or masses. From a well 168 feet deep the marlstone fur- 
nishes to the town of Northampton a supply of pure water. Long Buckby, 
Daventry, Brockhall, Bugbrook, Middleton Cheney and Thenford may be in- 
dicated as standing on the marlstone : it is frequently quarried for building 
purposes, when its rich brown hue forms a pleasing contrast with the white 
oolitic limestone generally used in conjunction with it. 

Upper Lias Clays. — These are between 150 and 200 feet thick: owing to 
their softness they have been much denud^, so that their western outcrop 
is very irregular, and they form numerous outliers scattered over the marl- 
stone plateau. Many of the streams which drain to the east have cut down 
to these tenacious clays, which thus form the lower parts of the valleys of the 
Tove and its numerous tributaries, the valley of the Nene from below North- 
anipton to Thrapston, &c. 

The clays are worked in many places for brick-making. Fossils are not 
uncommon, chiefly remains of large saurians, with Ammonites, Belemnites, 
Ostrea, &c. 

The Oolite. — This formation is composed of alternating beds of sand- 
stone, limestone, and clay, of considerable thickness ; it is named from the 
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resemblance of the texture of many of the limestones to the roe of a fish 
((uov — an egg). 

Inferior ( )olite. - 7%<? Northa niptoih Sand. ~ln comparatively recent 
geographies we were told, that the minenil wealth of England lay west of a 
line drawn from the mouth of the Tees through Chesterfield to the mouth of 
the Exe. But the extensive iron workings openetl in the formation we are 
about to describe have necessitated a modification of this statement. Since 
1853 a valuable bed of iron ore has been worked in Northamptonshire, the 
amount nuse<l in i860 being 95,664 tons ; in 1870 this had increased to 
887,020 tons and to 1,412,256 tons in 1873 ; the next year, however, saw a 
decrease, consequent on the depression of trade generally, and only 1,056,478 
tons were got in 1874, of an estimated value of ^^21 1,295 5 i»***^ly» ^^ 1879, there 
were raisetl 1,211,406 tons of inm ore, valued at ^^175,558. Much of the ore 
is sent away to Merthyr in South Wales, to Staffonlshire, and to the north, 
because being of a siliceous character it acts as a flux when mixed with the 
clay ironstone of the coal-measures. There were however 14 blast furnaces 
in work in 1874, which produced 53,760 tons of pig-iron ; in 1879 there were 
17 furnaces in blast, and 165,317 tons of pig-iron were made. 

Examining in detail this valuable betl we find it to be a sandstone, more or 
less compact, impregnate<l with varying amounts of oxide of iron and yielding 
in a few spots good building stone, whilst at Duston the limestone pirts into 
such thin regular laminte as to be den<miinated and used as " slates." We find it 
comparatively thin in the south-west, where it enters the county near Aynho. 
Then ranging by Newbottle and Farthingho it is cut back to Brackley by the Ouse 
Valley. North of the Tove the Northampton Sand sprejuls over a wide tnict from 
Eydon (an outlier), Adston, and Maidford to Stowe Nine Churches, Gayton 
and Blisworth ; it is in tliis region more developed, and is here largely worked 
for iron ore. North of Northampton it attains its full thickness of 80 feet, 
and at Duston it yields go<xl building stone. Spreading out widely we find 
outliers on the west roimd Spratton, Hazlebeech, and Cold Ashby, whilst a 
peninsula of singularly serrate<l form stretches past Church Bramptcm to East 
and West Haddon and Guilsborough. Eastwards we find it on both sides of 
the Nen Valley at Wellingborough, Irchester, Irthlingl>orough, and Thrapston, 
and passing roimd to the north-west by Kettering, Rushton, and Desborough. 
The most northerly point where the iron-ore is worked is at Burleigh Park, 
near Stamford. 

Fossils are not common in the Xorfhampfoti Sandy but plant-markings and 
both marine and fresh-water shells occur. These facts would lead us to infer 
that it is an estuarine formation deposited by a great river probably flowing 
from the north-west, for as we trace the deposit to the south-east it gradually 
thins out until it disappears altogether, as near Grafton Regis, Greudon, and 
•east of Oundle. 

It is not probable that the iron was present with the sand at its first forma- 
tion, but rather that this important ingredient was afterwards deposited 
from water highly charged with carbonate of iron slowly percolating through 
the rock. In fact when the ironstone is followed to any depth we find it as 
the blue carbonate still ; but in the surface portions, which have been exposed 
for long ages to the action of the weather, the carbonate has been converted 
into the hydrated peroxide, which is of a rich brown tint and occurs in cakes 
and layers. The Northampton Sand forms a rich but rather light soil. 

The Lincolnshire Oolite Lime^tone^ with the Collt/weston Slate.— IS orth of 
Harrington and Miiidwell, and west of Kettering and Water Newton, we find 
an important bed of limestone, which gradually thickens as we follow it 
northwards, until in the county whence it takes its name, it is as much as 200 
feet thick. 

At the base the beils of limestone are thin and fissile, splitting under the 
hammer (after having been exposed to frost) into thin layers, which are used 
for roofing purposes. These lower be<l8 are called the Collyweston SlateSy from 
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the name of the vilhige where they have lon^ been worked ; they are of local 
occurrence only, but are also met with at Kirby. They are of a yellowish 
white tint and have been used by Sir Gilbert Scott and other eminent archi- 
tects for the roofs of churches and Grothic buildings generally. As to fossils 
the surfaces of the "slates" often bear ripple-markings, worm-tracks and plant 
remains, whilst shells of the genera Pinna, GerviUia, Lucina^ &c. occur. 

The Lincolnshire Lirnestothe proper has A-ery commonly an oolitic structure, 
and where the little roimded grains constitute the mass of the rock as at 
Ketton and Weldon, it furnishes a first-class freestone : it is easily worked, is 
of a rich creamy tint, and hanlens on exposure to the air. The famous 
quarries at Bamack are now quite worked out, but in the Middle Ages they 
furnished the stone for Burleigh House, Peterborough Cathedral, and indeed 
most of the churches in Lincolnshire and Cambridge. This bed of limestone, 
together with the underlying Northampton Sand, was formerly assigned to the 
period of the Great Oolite^ an error which was confirmed by the Geological 
Sun-ey in their examination of the southern part of the coimty. In fact the 
relations of the strata were very difficult to make out from an examination of 
the Southern Oolites only, but when Mr. (now Professor) Judd came to map 
the northern portion he had had much previous experience of the Siime beds 
in Lincolnshire, and he has clearly proved that both the alwve-named divisions 
belong to the Inferior Oolite, the lowest member of the Oolitic system. 

The Great Oolite. This division is comjH)sed of four members, two 
bands of limestone sepanited by two beds of clay ; the lowest of these four 
sulwlivisions is the — 

Upper Estuarine Series. — This is a sandy clay, and where the Lincolnshire 
Limestone is absent is seen resting upon the Northampton Sand. The junction 
is usually very irregular, and is always marked by a band of ironstone nodules, 
indicating a line of unconformity. This is well seen m the pit on the Race- 
course at Northampton, and in similar sections at Weekley and Old Head 
Wood. Wood is not uncommon, and bones of that huge reptile the Cetioaaurtia 
also occur. The clay is dug for brickmaking. 

Great Oolite Limestone. This bed occupies much ground in the south about 
Ratlston and Biddleden, and thence by Whittle Wood to Stony Strjitford. 
We meet with it again round Tiffield, and it forms the ritlge to the north-west 
of Irthlingborough and that from Twywell by Brigstock and Great Oakley. 
The marly beds are much valued and largely (lug for lime burning, and here 
and there hanl blue shelly bands occur, which take a fair polish and are called 
*' Alwalton Marble.'* It forms a blackish soil, which prwluces excellent crops. 
Notwithstanding its name it is seldom of an oolitic texture, and it frequently 
contains beds of small smooth oysters- -Ostrea Sowerb^i and 0. suhrugidosa. 

Great Oolite Clays. — These are variegate<l in colour and vary in thickness 
from one or two to 20 or 30 feet. They represent the "Forest Marble" of 
the Cotteswold Hills. In South Northamptonshire they appear to he absent. 
Sections are rare, but Lilford Park, Oundle and Peterborough afford fair 
exposures in cuttings or brickyards. They form a cold and wet soil, often 
constituting the slope of the liills capped with Cornbrash, which are dotted 
over the Great Oolite Limestone plateau. Fossils are rare, but mostly such 
as occur in the limestone below. Planmopsis socialis is a characteristic 
shell. 

The Cornbrash. - This is the last bed of the lower oolites and occurs only in 
the north-east of the county : it is an irony limestone, weathering red, very 
fossiliferous and not more than 15 feet thick: it contains a Iwind of the thick 
rugose oyster Ostrea Marshii -at its summit, by which it can usually be 
recognised, as well as by the wall-like appearance it presents in sections ; 
Ammonites Herveyi and A. macrocephahis are also common. The outcropmay 
be traced from near Wimmington by Rjuinds, Lilfonl, Warmington and Elton 
to Peterborough. North and west of this town it occupies a considerable 
tract, and it occurs on both sides of the valleys of the numerous brooks which 
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run from the vest Joto the Neoe between WiiDsfonl hdiI Oundle : it is very 
hnul hhiI ia quarried for road-melal. but furnishes a poor tioil, 

MtuDLK OoLiTK.- TAt Oxford CToy.- -Overlying the rock 1hs( described 
ve find thick blue clHys, which Ht their Imse however ure frequently hard and 
Bandy. These lowest beds, representing the Kdiaicaya Rock of Wiltshire, are 
irorked in the brickpits at Oundte, Southvick, Beuefleld, &c. The dark-blue 
clajs above stretch eastward, right out of the county, from Luddington and 
Barnwell to Lutton and again !>y Qlinton, Werrington and Eye. There ia also 
an extensive outlier weat of Oundle, and a small one in Brigstock Park. Good 
ezpoaures except in the briphyards are rare, aa the OiKird Clay is usually 
overlaid by a considerable thiokneas of drift. Aa fossils, bones of large 
aaurians, wood (near Peterborough) and spines of fishes, t^^ther with 
BHeiatiitta Oamiii and has/aiua are most common. (See fig. 65.) 

Tub D«irT. — The reader must not suppose tluit all the pceceiling roeks 




OKHpy tht lOaJace in the regions over which they are said to eitend. They are 
frequently covered over by irregular masses of saiul hdiI clay which we term 
drift, because they are supposed to have been brousht from a distance, chiefly 
by the agency of glaciers and icebergs, and strewn without order over the 
surface of the counliy at the termination or duringtbe retreat of the glaciers, 
or on the melting of the icebergs. The lowest luMs are gravels or siinds, 
prrhapa mid-glacial, and marking a cessation in the period of intense cold to 
which this country waa then subjected : such deposits are to be seen near 
Upper Benefield and Moulton : alK)ve these is the chalky bouider cfau. full of 
flints, pebbles of limestone. &c., and often containing well-preserved Liassic or 
Oolitic fossils. 

BivBR Oravils. Lastly in the deposits made by existing rivers we come 
upon traces of early man. Such is the tapering celt or stone aie-heiid found 
near Towcester. also a somewhat similar one from Gilsborough. now in the 
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Northampton Museum, with another 7 inches long and 2j inches broad, found 
in that town. At Oondle fiint scrapers have Wen found by Mr. John Kvans, 
and leafHshaped arrow-heads and spear-heads are recorded from the same 
place. 

In an old proverb Northamptonshire is said to \te famous for " spring, 
spires, and squires ;** now all these owe their importance more or less directly 
to the geological structure of the county. The excellent springs result from 
the alternation of porous sands and limestones with impermeable clays. 
Everywhere we fin*l the junction of two such formations marked by a line of 
springs, which have plainly determined the sites of the villages and towns. 

The beauty of the churches is largely owing to the excellent building-stones 
which alK)und, together with the fertility of the soil, which enabled the di.**- 
trict to supp^jrt a large and prosperous population. 

To this last cause and also to the fine scenery and pleasant sites are due the 
many old mansions which form the homes of a landerl gentry of ancient 
name and good repute. 
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1877. Lelxiur, G. A. On the terms "Bemician" and "Tuedian." GeoL 
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The rocks of this county have not hitherto attracted so much attention as 
they deserve : this however will soon 1*« remedied, for the officers of the 
Government Geological Survey have l>een for some time minutely mapping 
the strata. Of the important coal-field in the south-east of the county such 
maps have alremly been published, tc^ether with horizontal and vertical sec- 
tions, which show exactly the position of each stratum, and Messrs. Howell, 
Topley, and Hugh Miller are now engaged in completing the survey of the 
rest of the county. 
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Of early geological observations we find papers in the Transactions, &c., of 
the Geological Society of London by Messrs. N. J. Winch, Hon. H. G. 
Bennett, W. C. Trevelyan, W. Hutton, and G. C. Atkinson, the nature of the 
Whin Sill being the chief point of discussion. In the Transactions of 
the North of Ei^land Institute of Mining Engineers there are several valu- 
able papers by Prof. Lebour, Messrs. D. Bums, E. F. Boyd, Bewick, and 
others; and much information may be gained from the publications of the 
Tyneside Naturalists' Field Club, the old Northumberland Natural History 
Society, &c. The late Mr. G. Tate's History of Alnwick, with several guide- 
books to Rothbury (W. Topley), Moroeth (Kev. W. Howchin), &c., have also 
yielded us much information. Prof. G. A. Lebour has recently published an 
excellent little volume containing a general account of the rocks; and the 
same gentleman has edited a series of drawings of fossil plants, made by 
Hutton and Lindley in 1840, together with a catalogue of their collections 
now in the museum of the Natural History Society at Newcastle, which also 
contains a very fine series of the rocks and fossils of the county. A good 
account of the Cheviot district was given by Dr. James Geikie, in Good Words 
for 1876. 

The general arrangement of the rock-beds which form Northumberland is 
that of a series of layers whose exposed edges run or strike from north-east 
to south-west, while they incline or dip towards the south-east. The oldest 
or bottom rocks occur in the north-west as a consequence of this arrangement ; 
and if we walked from Cheviot to Tynemouth we should pass across the edges 
of all the beds in turn, coming continually to newer and newer strata : lastly, 
if at Tynemouth we were to make a deep boring, we should pass through in 
turn the continuations of all the rocks over which we had been walking, until 
at a depth of perhaps 5,000 or 6,000 feet we should reach the beds which form 
the surface of the north-west of tlie county. 

The highest ground lies also in the north-west, and from thence the surface 
slopes on the whole to the sea. Cheviot is 2,676 feet alwve the sea. Hedge- 
hope Hill 2,348 feet. Carter Fell Toll-house 1,292 feet ; in the Pennine Range 
on the west we have Caplestone Fell 1,555 feet, and Blacklaw Hill 1,942 feet : 
on the eastern slope Cambo church is 682 feet ; Belford (Church) 209 feet ; 
Alnwick (St. Mary's Church) 180 feet; Hebbum (Church) 329 feet; Morpeth 
(Parish Church) 168 feet ; Haltwhistle (Parish Church) 400 feet ; Hexham 
200 feet ; Corbridge (Parish Church) 138 feet ; and Newcastle (St. Nicholas 
Church) 100 feet. 

Igneous Rocks. — The Cheviots. — These hills are mainly composed of a 
rock called porphyrite, which has a red felspathic matrix, in which are 
embedded crystals of the same mineral : it is quarried near Biddlestone Hall, 
and contains fine agates, specimens of which may often be picked up in the 
gravels of the upper parts of the rivers Coquet and Rede. At Yevering and 
Cheviot the rock is a syenite, which can be traced passing into granite. On 
the other hand we have dark-coloured rocks called Dolerites, which may be of 
later date, for Professor Lebour states that " at Puncherton Bum (running 
into the Alwyn), the Dolerites are seen to pass into a brecciated conglomerate 
in which blocks of rock, apparently of Lower Carboniferous origin, besides 
others of earlier age, and mixed with fragments of Porphyrite, are embedded 
in a matrix of Dolerite." The rocks which form the Cheviot Hills have 
however as yet been little studied, and there can be no doubt but that their 
thorough examination by competent geologists would bring to light new facts 
of the highest interest: they are believed to be of later date than the 
Silurian strata next to be described, for in the Upper Coquet, between Philip 
and Makendon, the Silurian beds are seen to have been bent up by protrusion 
of the Cheviot rocks. Probably a part at least of the whole series will prove 
to be ash beds ejected from sub-marine or sub-aerial volcanoes, or both, and 
since metamorphosed : this would account for the appearance of bedding and 
dip which they often present, as in the banks of Riolees Bum. 
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The Great Whin Sill. — This remarkable bed of basalt appears to have its 
head-quarters in Teesdale, where it underlies the Tyne-bottom Limestone. 
From this point it runs northwards, along the western side of the Pennine 
Chain, until, following the general strike of the beds, it turns to the north- 
east, and enters Northumberland near Greenhead : here it rests on the " Great 
Limestone,*' a bed about 700 feet above the T^-ne-bottom Limestone. This 
fact at once proves the Whin Sill to be an intrusive sheet of igneous rock, 
forced in a melted condition between the other strata. The Koman or Picts' 
Wall runs for some distance along its e<lge, and we can clearly trace it by 
Swinbum and Sweethope to Famey Law. At the Elf Hills Quarry, Sir W. C. 
Trevelyan has describetl the Whin Sill as sending up strings of melted rock 
into the limestone above it, and everj'where it alters and hardens the rocks, 
especially the shales, with which it comes into contact. From the last-named 
point the Whin Sill can no longer be traced continuously along the surface, 
but only comes up in detached bosses here and there : such a mass is found 
south-east of Alnwick : then it forms the cliffs on the coast at Bunstanborough 
and Bamborough, whence, on the one hand, it runs inland as far as Kyloe 
Crags, and on the other forms the Fame Islands. At several points along its 
course the Whin Sill is quarried for road-metal. The period at which it was 
injected between the other strata cannot be positively determined, but it was 
probably about the close of the Carboniferous Epoch : its usual thickness is 
100 feet, but it varies from 20 feet to 150 feet. 

Basaltic Dykes. Several other sheets of igneous rock cut across the sedi- 
mentary strata of Northimiberland. These differ from the great Whin Sill, 
chiefly in the fact that they are more or less vertical, cutting through 
the strata at a considerable angle, whilst the Whin Sill, as we have seen, pre- 
serves its parallelism with the stratified rocks for considerable distances. 
We can distinguish two sets of these dykes, viz. those which run from south- 
west to north-east, and others nmning from south-east to north-west, and 
therefore crossing the first set at right-angles. Of the former division we 
know the Brnnton Dyke^ between Whitfield and St. Oswald's Chapel, of this 
the Bavinfffon Ih/ke may be a continuation ; the Letcis Bum Dyke^ between 
Short Cleugh and Billsmoor, is perhaps continued as the Black Bum Dykes; 
the Plashetts Dyke, the Boulmer Dyke (100 feet thick on the coast), the Ham- 
pet h Dyke near Shilbottle, the Howick Dyke and the Com hill Dyke, between 
Coldstream and Mattalees. 

Of the south-east and north-west series, the longest is perhaps the Ackling- 
ton Dyke, extending from Bondicar on the coast to Clennell, a distance of 20 
miles, and thence into Scotland. The Hehhurti Dyke crosses thp Tj*ne at 
Walker, and passes thence along Newcastle Town Moor to Slat}*fonl : it is 
continue<l as the Cdey Hill Dyke. Others in this series are the Crandingtoti^ 
Bedlingfott and Lower Wansheck Dykes, the Trohe's Dene Dyke, the Beadnell 
Dyke and the Holy Island or Lindisfame Dyke, of which last Mr. G. Tate has 
given an excellent description : he says, ** It is one of the largest in the 
county, and indeed, has been erroneously described as part of the Whin Sill, 
to which it has some resemblance, as it rises in Lindisfame or Holy Island in 
high crag^' hills of columnar basalt. It crosses the southern part of the 
island nearly from west to east, and is seen two miles seaward, forming the 
Plough and Goldstone rocks on which the "Pegasus" was wrecked. The 
Castle crowns a high, craggy', liasaltic hill, and on the west side of the island 
the dyke is exposed in a high cliff, and is there 120 feet wide, with a slope 85 
degrees southward : large blocks of limestone, highly metamorphosed, are en- 
velope<l in the l>asalt, and the strata, broken through, have been relatively 
altered in position, those on the south side having been considerably upcast. 
A calcareous shale, very fossil if erous, and a limestone beneath it. abut against 
the dyke and are metamorphosed, and near to the Castle a vein of basalt 
penetrates the shale. This dyke is seen near Fenham on the mainland, and 
farther westwanl, near Kyloe church, where its width is from 20 to 60 feet. 
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for it widens as it descends ; in one part it is covereil by shattered beds of 
shale : it cuts through the Lowick coal beds, and is traceable further west- 
ward to Leitliam, the whole ascertained course being about 14 miles." Where 
these dykes come into contact with the coal, the latter is often completely 
coked. If we assign the dykes to the same age as those of the south of Scot- 
land, with which they agree in direction, composition &c we shall place them 
in the Tertiary Period, when those great Hebridean volcanoes were in full 
activity whose remains Professor Judd has traced with such skill. The 
Northumbrian dykes are almost invariably composed of a close-grained blue 
basalt, weathering brown and red, and yielding fair road-metal. 

Silurian Formation. A very small area of these old rocks is exposed in 
the banks of the river Retle and Whitelee Bum, and also in the valley of the 
Upper Coquet between Philip ami Makendon. They consist of shales or clay- 
slates (formerly termed greywacke), and are tilte<l at a high angle against the 
igneous rocks of the Cheviots. They probably belong to the great spread of 
Silurian strata, which on the other side of the Cheviots forms so much of the 
south of Scotland, and may belong to the Riccarton Series, which forms the 
Imse of the upper Silurian division. No fossils have yet l)een found in these 
beds in Northumberland, but they are traverse<l by dykes of diorite. 

Carboniferous Formation. — To this great division nine-tenths of the rocks 
of this county belong. The lowest beds rest on the denuded and contorted 
edges of Silurian rocks, for of the Old Red Sandstone, which should lie 
between, there is no trace in this region. 

7%« Titedian Bedit. —This term was proposed by Mr. G. Tate, in 1856, for 
the lowest beds of the Carboniferous Formation : it is derived from the river 
Tweed, in whose basin they are largely developed. Their l>ase consists of 
re<l sandstone conglomerates, as may be well seen in Roddam Dene and Biddle- 
stone Bum, where they abut on the Cheviots, and contain rolled masses of 
porphyry of all sizes, from that of a pea to a man's head. These conglome- 
rates are probably the remains of old beaches, which gatheretl round the 
Cheviots when the latter stood as islands in the early Carl>oniferous sea. Beds 
of red sandstone overlying the conglomerates show distinct ripple-marks, 
such as are forming to-day on every sandy shore. Higher still we get beils of 
purple shale, greenish sandy clays, coarse sandstones and compact cream- 
coloured limestones. The upper boundary of the Tuedian division is formed 
by a bed called the Dun or Lamberton limestone, and in the regicm of the 
Lpper Coquet, where that limestone cannot be traced, by the base of the Har- 
bottle Grits. Thus the Tuedian beds form a narrow l>and extending along 
the Tweed and encircling the Cheviots, passing round by Wooler, Branton and 
Alnham to near Carter Fell. Their total thickness is estimated by Mr. Tate 
at 1,500 feet, of which 500 feet l>elong to the red conglomerates. Fossils 
are not common in them. In the sandstones plant remains, especially of the 
genus Ulodendron, occur. 

Bemician Beds. — In Northumberland it is impossible to draw any lines of 
division in the beds which lie above the Tuedian and below the Millstone 
Grit. Further south, in Yorkshire and Derbyshire, a series of shales and 
sandstones, to which the term Yoredale Series was applied l)y Professor 
Phillips, underlies the Millstone Grit, and in turn rests upon thick limestones 
* — the Carboniferous or Scar Limestone. But as we follow these beds north- 
wards we find that in place of the Scar limestone and Yoredale Series we have 
a great mass of sandstones, shales and limestones which constitute one natural 
whole, and to which Professor Lebour has given the name of Bemician Beds, 
from Bemicia, the ancient name of Northumberland. They are the " Lead- 
measures" of Westgarth Forster, and include the Carbonaceous and Calca- 
reous Limestones of Mr. G. Tate ; they occupy a considerable breadth of the 
western side of the county, extending northwards from Haltwistle and Hex- 
ham nearly to the Cheviots, and north-eastwards by Rothbury and Alnwick 
to the sea, where they form the coast line from Alnmouth to Berwick ; in the 
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Soutli Tyne district their thickness is 2,500 feet, and it is about the same 
in the north-east of the county near Alnwick and Scremerston, hut in the 
region intermediate between these, points it has been ascertained by the 
Geological Survey that the Bernician feeds thicken to 8,000 feet, a remarkable 
and previously unsuspected fact. 

In the Bernician Series there are three great beds of grit or coarse sand- 
stone. The lowest of these— the Harbottle Grits — forms the hilly craggy 
district between the Upper Coquet, the Redewater, and part of Carter Fells. 
The Simonside Grits form hills 1,600 feet high near Rothbury, and lastly the 
Inghoe Grits occur between the Tyne and Waqsbeck. There are also numerous 
beds of bluish limestone, six at least of which can be traced continuously for 
great distances, and several of them are imderlain by thin seams of coal ; 
thick beds of shale (or •' plate ") occur more or less between all the above- 
named strata. The Beadnell, Three, or Five-yard Limestone is the lowest 
continuous band, the others are the Six-yard or Acre Limestone, the Four- 
fathom or Eight-yard, the Great Limestone, the Little Limestone, and the 
Fell-top Limestone. These are quarried at many places to burn into lime, 
and they are traversed by mineral veins which in some localities are rich in 
lead ore. In 1877 the lead mines of Durham and Northumberland raised 
25,086 tons of lead-ore, which yielded 18,984 tons of lead and 75,686 ounces 
of silver; the greater part of this, however, belongs to Durham. Carbonate 
of Barytes, to the amount of 4,345 tons (valued at ;f8,688), was raised at 
Fallowiield and Settlingstones. Of the thin coal-seams, that under the Little 
Limestone is worked at several points for local use ; it is 2 or 3 feet in thick- 
ness. 

Some good bands of iron-ore (clay ironstone) occur between the Great 
and Little Limestones, and are worked near Bellingham, &c. In 1879 the 
quantity of lead ore raised in the two counties had decreased to 14,187 tons, 
valued at j^ 1 50,000. 

Fossils— chiefly marine shells are numerous, especially in the limestones. 
They are the ordinary moimtain limestone species, Productiis aigatitmis, Sfrop- 
homena depressa, Chonefes Hardretms^ ^'c.^ df'c. Professor Lebour enumerates 
16 species from the Fell-top limestone at Harlow Hill ; the Rev. E. Jenkinson 
has obtained 1 31 species from the Lowick quarries, chiefly from the " Great " 
and " Four-fathom " limestones, and 91 species have been obtained from the 
Ridsdale ironstone beds. The shell called Posidonomya Becheri occurs at 
Budle and near Alnwick, and the genus Agelacriniis is also noteworthy, as it 
is not usually found save in Silurian rocks. Foraminifers abound, and one 
large species -ISaccamwa Carteri — is very characteristic in the Four-fathom 
limestone. It gives the stone a spotted appearance, and in weathered masses 
stands out like beads on the surface of the rock. 

The Milhtmie Grit. -Thin dinsion of the Carboniferous Formation is 
not well represented in Northumberland, we may group with it the strata 
called Gannister Bed^,iind assign to it the whole of the beds lying between the 
Fell-top limestone and the Brockwell coal seam. Their total thickness is about 
300 feet, and they consist chiefly of thin sandstones and shales, with some thin 
and usually worthless seams of coal. A seam called the Crankey Seam has, 
however, been worked on the south of Harlow Hill. Between the Derwent 
and the Tyne the Millstone Grit forms the surface over a considerable area ; 
it thence runs north-east by Morpeth to the coast near Warkworth, getting 
thinner in this direction. 

Gannister is a well known name for siliceous under-clays, capable of stand- 
ing great heat, which occur in most coal-fields in the lowest part of the eoal- 
1)earing series. Beds of this kind are seen at Saltwick Stocksfield, &c., and 
in the same beds, at Whittonstall, Professor Lebour, in 1878, found a few 
marine fossils, including Aviadopecte^i papyraceusj an OrthoceraSj and some 
eitcrhiite stems. " For many years a bed of ironstone was wrought in the 
upper portion of the gannister series in the Derwent district. It was known 
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as the " German Band," a grotesque name, due, not to any covert allusion to 
itinerant musicians, but to the small colony of German sword-makers who in 
former days worked this ironstone and plied their trade at Derwentcote." 
(Lehour). 

The Coal-))iea8urc8. —Taking the Tyne as a base-line, the coal-bearing strata 
extend from the mouth of that river westwawls to near Wylam, a distance of 
14 miles ; a line drawn from Wylam to the mouth of the Coquet will mark the 
western boundary, whilst to the east the beds dip under the sea, beneath 
which they doubtless rise up, or crop out at a distance of several miles — say 
from 5 to 10 -from the shore. Thus in this county we have the northern 
and smaller portion of a great oval basin-shaped coal-field, which is tilted 
to the eastward, so that its eastern part is covered by the waters of the sea. 
On the land the Coal-measures form tame scenery — low undulating ground with 
a clayey, heavy soil ; their thickness is 2,000 feet, composed of about equal 
proportions of sandstone and shale, with 16 seams of workable coal of an 
aggregate thickness of 46 feet. The quantity of coal remaining still to be got 
was estimated by Mr. Forster, before the Royal Coal Commission of 1 87 1, at 
2,576,000,000 tons, and it was considered possible to work seams extending 
beneath the sea, for a distance of about 2 miles from the coast, giving a 
further quantity of 403,000,000 tons. 

In 1877 there were 173 collieries at work in Northumberland and North 
Durham, and these raised 11,975,250 tons of coal; in 1879 there were 183 
collieries at work, and 12,245,597 tons of coal were raised. 

Of the coal-seams the Brockwell or Splint Coal (i to 4 feet thick) is the 
lowest workable one ; about 350 feet above it is the Low Main or HiUton 
Seam, from 2 to 6 feet thick : it is continuous throughout the whole extent 
of the coal-field, from Warkworth in the north, to Haswell and Hetton in the 
south, and it also yields the best description of three different varieties of 
coal, suitable for purposes not at all similar to each other, viz., the best 
household (in Durham), the best gas and the best steam coal (in Northumber- 
land). The Bensham seam is 75 feet above the last named, and 200 feet 
higher still lies the famous High Main or old " Wallsend " coal : once the 
most valuable seam in the coal-field, it is now almost entirely worked or 
burned out. The Hehhum Fell or Monkton Seam lies 600 feet above the High 
Main, and 450 feet higher is the Closing Hill Seam, the highest known, only 
seen in a quarry on the north side of the Ninety Fathom Dyke, about half-a- 
mile from Killingworth House. 

Formation of Coal. - During the Carboniferous Period changes in the level 
of land and sea appear to have been numerous and extensive. The lower 
deposits from the Tuedian to the top of the Bemician indicate a moderately 
deep and tranquil sea ; by elevation of the sea-bottom the millstone grit was 
formed in shallower and current traversed waters ; lastly, during the forma- 
tion of the Coal-measures, the land was on the Whole above, but not much 
above, the level of the water, and rank forests grew in swamps and marshes 
over great areas near the sea. Every coal-seam consists of tne compressed 
vegetation formed by the growth and decay of generation after generation of 
plants in one of these great forests ; a thick mass of vegetable matter having 
thus been formed, the land on which the forest grew must have suffered slow 
depression, so as to permit the waters to encroach on it and deposit layers of 
mud and sand; alterations of this kind, going on for some hundreds of 
thousands of years, resulting at last in the formation of the mass of strata 
some 2,000 feet in thickness which constitutes the Great Northern Coal-field. 
The plants whose remains we find in the coal-measures are ferns, or reeds 
(Calamites), or gigantic clul)-mosses (Sigillaria and Lepidodendron). Fresh- 
water or estuarine shells willed Anthracosia form seams called mussel-bands, of 
which six at least can be traced. The /rc-r^y which occurs under nearly every 
coal-seam is the soil in which the ancient forest grew : it furnishes a valuable 
material for the manufacture of " seggars," or vessels which have to stand 
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ppeat heat. In 1875 there were raised 102,433 tons of fire-clay in this 
county. Some of the shales which forms the ** roofs " of coal-seams contain 
great numbers of the scales and teeth of fishes, saurians, &c. From the 
roof of the Low Main Coal Mr. Thomas Atthey, of Grosforth, has obtained 
thousands of such specimens, which are now in the museum of the Natural 
History Society. Mr. Barkas has also diligently worked up this subject. 

Of the sandstones the bed called the Grindstone Sill or Post yields the 
famous Newcastle grindstones ; it forms the chief heights near Newcastle as 
Byker, Benwell Hill, &c. 

Faults, — The Ninety-fathom Dyke is a ver}- well known break or dislocation 
of the strata which extends from Cullercoats by Denton and Whittonstall to 
Minsteracres. The beds on the north or downthrow side of it are from 500 
to 1,200 feet higher in the geological series than those on the south side. 
The Stublick Dyke is a similar fault or dislocation, which commences a little 
south of Corbridge, and runs, westwards, parallel to the Tyne into Cumber- 
land: it also has a downthrow on the northern side exceeaing 1,000 feet in 
amount. In consequence of this, several little detached semi-basins of coal 
are brought in along its northern side near Whitfield and Lambley. There 
are numerous other "faults" of smaller amount, and some greater ones, 
which are supposed to effect the Bemician Kocks only, but which have not 
yet been clearly traced. 

The Permian Formation. — Of beds of this age, often called the Magne^ian 
Limf^oNfy only three or four outlying patches occur in Northumberland. 
These are seen overlying the Coal-measures imconformably at Tynemouth, 
Cullercojits, and Whitley, and at Seaton Sluice near Hartley, all near the 
mouth of the Tyne. The bottom betls are red ^tnd^aneSt'wlnch contain plants 
of Coal-measure species ; al)Ove these come unfossiliferous vdlow sands ; next 
we find hard shaly l)ed8, about 3 feet thick, calleil the tfutrt-date^ which con- 
tain finely preservetl remains of fishes of the genera PaltBonisctiSf PhtysomnSf 
&c. Cullercoats is the only point at which these are obtainable. Then comes 
the magnesian limestone proper, of which the lower and middle divisions 
only are here present. The lower beds are 200 feet thick ; they may be seen 
in the Whitley quarries, now usetl as reservoirs. The middle beds have been 
mostly denuded oflf ; they have a cellular structure. At Tynemouth, though 
not easy of access, they have yielded many shells, such as Product us horridus, 
Axinus dubiuSy &c. 

Glacial Deposits. — The Permian strata are the latest — the newest of the 
stratified rocks which form the solid mass of Northumberland. The great 
series of Secondary and Tertiary deposits are entirely wanting here, and the 
beds of which we have now to speak are, geologically, but of the most recent 
formation— creatures of yesterday — and, indeed, were hardly noticed by 
geologists of the last generation. They consist of irregular deposits of clay 
and gravel, scattered over nearly the entire area of the coal-field, and rising 
westwartis to the height of about 1,000 feet. The commonest deposit is a 
stiff brown or blue clay — the l>oulder clay — so called because it is full of 
rounded and scratched blocks of stone of all kinds, but mainly such as would 
have come from the Cheviots or the Pennine Chain. The surface of the 
rocks beneath this boulder day is often seen to be smoothed and scratched, as 
in the Fame Islands, ami on the limestones at Belford, Swinhoe, Belsay, &c. 
We now think that this Boulder clay is the result of the action of glaciers - 
great masses of ice — which some quart er-of-a-million vears ago occupieii the 
Cheviots and the Pennine Range, and slowly ground tlieir way down to the 
sea. Beds of gravel and sand rest on the clay, and appear to have been de- 
rived from it, whilst the moraine heaps which run in a crescent form ticross 
the small valleys in the hills (as near East Woodbum in the Lisle Bum) 
mark the smalf glaciers of the close of this Glacial Period. Winding moimds 
of gravel, called kaimSy are well seen between Alnwick and Berwick and along 
the Tweed Vallev. 
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of ilie Cheviot HilU, 



EutKKT Deposits. -Of miseil btachea Professor Lebour records two; one, 
hnl^-H-mile north of the mouth of the Wansbeek, and the othsr on Holy 
Isliind. DBHr (he Beamin. River-gniTelB ami sanda, brick-eitrths and clnys, 
may \m aeen alon^ the lower courses of most of (he eiistina; rivers; ths 
loam uKHr Acomli is worked to make pottery, at Redheugh Bri^ for l>rick 
making. From the citensire gravels which occor in a vallev between the 
Tyne and the Irthing, west of HaltwhistlB, Mr. D. Burns, F.6.S., has shown 
that formerlj the latter river ran eastward into the Tyne, instead of west- 
wanl into tlie Ellen. Ptat woi»e», or turliariea, still cover much ground in 
Western Northumlwrland, and form the "moas hags" which run up to the 
s chiefly composed of a moss called 
Sphagnum, and requires a great amount of 
moisture for its continued growtli ; hence drain- 
age is an effectual means of destroying these 

Pbehistorh MiN —Of the earlier, or Palseo- 
lithic atone age no indicntions have been found 
m NorthumWrland but of the Utter or 
Neolithic PerLod we have good evidence in the 
form of man> stone implements, some buried 
with the dtnd in the mjunds,or liBrrows, which 
are (he places of inlennent of (he early races 
who mliahtted this ilistnct ; others found in 
peat bogs or on the surface of the moors, &c. 
These stone tools carry us liack to a period 
whose late may le roughly stated as Usiing 
m these islands up (o a) out 10,000 years ago, 
when man Has unacquainted with the use of 
metalx, and when s(od«, especially flin(, was the 
material out of whirfi he constructed such 
rough implements and weapons as he required. 
Stone celts, or aie-lieads, hare been found 
near Harbottle, Burnidon, Ponteland, Dodding- 
tou, Ildertou, Branton. Betlingham, and Throck- 
ley Fell ; they are usually from five to aeren 
inches long atMl two or three broad ; they were 
fastened in handles of wood or bone, but these 
have perished. Stone nie-heads, vith a hole 

.„„„ ... through the cen(Te to admit a handle, have 

r>msliu D(n bnnit bod;, 00 Ford been found atAlnwick (I2 inches long), Thirs- 
COBunon, Nonhambtrlmd. tone, Shilbottle, and Hipshura, : a fine speci- 

men of this kittd, fashioned out of nn oval quartzjte pebble, and hollowed on 
both Kices, was found in a cist at Seghill in 1S66, and is now in the collection 
of Canon Qreenwell at Durham, who also has one made of liasalt, which was 
fonnd at Twisel. A grooved stone hammer-head, found at Percy's Leap, is in 
the Alnwick Castle museum. The many stone lialls which have lieen found at 
Corbridge Fell are considered by Canon Oreenwoll to have been used in some 
^me. Flint flakes, or knives, were found in graves at Amble, and on Ford 
Conunon, &c. Flint arrow-hends have been found in Kielder Bum. Of a 
later date are the four cists found at Tosson, near Rothbury, which contained 
skeletons, two of (hem accompanied by an um. In one cist were three bul- 
tous, apparently made of jel or cannel coal, and two inches in diame(er, and 
in another vas an iron javelin head. But with the discovery of metals we 
enter on historic times, and the geologist gives place to the historian and 
the geographer. 
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Natural History and Scientific Societies. 

Nottingham Literary and Philosophical Society. Annual Report. 
Nottingham Naturalists' Society. 

Nottingham High School Natural History Society. Magazine, "The 
Forester." 

Nottingham Working Men's Naturalists' Society. 

Museums. 

School of Art and Museum, Nottingham. 
The Castle Museum, Nottingham. 

Publications op the Geological Survey. 

Maps. — Sheets: 70, Grantham; Quarter-sheets: 71 S.E. Loughborough; 
71 S.W. Castle Donnington ; 71 N.E. Nottingham, Southwell; 71 N.W. 
Helper; 82 S.E. Mansfield, Ollerton; 82 S.W. Chesterfield; 82 N.E. Tick- 
hill, Worksop ; 82, N.W. Sheffield. Survey not completed. 

Books. — Geology of the Country round Nottingham, by Aveline, 2nd edition, 
IS. Geology of Parts of Notts and Derbyshire, by Aveline, is. Geology of 
Parts of Notts, Derby, and Yorkshire, by Aveline, is. 

Important Works or Papers on Local Geology. 

« 

1829. Sedgwick, Professor A. — On the Magnesian Limestone, &c. Trans. 

Geol. Soc, Ser. 2, vol. iii. p. 37, and Proc, vol. 1. p. 63. 
1841. Bailey, Thomas. — On the Gravels near Basford. Proc. Geol. Soc, 

A'ol. iii. p. 411. 
1859. Lancaster, J., and Wright, C. C. — On the Sinking of the Shireoak 

Colliery, Worksop. Journ. Geol. Soc., vol. xvi. p. 137. 
1876. Irving, Rev. A. — Some Recent Sections near Nottingham. Journ. Geol. 

Soc, vol. xxxii. p. 513. 

1876. Wilson, E. — Pei-mians of North-East of England. Journ. Geol. 

Soc, vol. xxxii. p. 533. 

1877. Shipman, J. -Conglomerate at Base of Lower Keuper. Geol. Mag., 

p. 497. 

1878. Shipman, J. -Geology of East Nottingham. Midland Naturalist, vol. 

i. pp. 18, 30. 

1879. Wilson, E. — Age of the Pennine Chain. Geol. Mag., p. 500. 

1879. Wilson, E., and Shipman, J. — Keuper Basement Beds near Nottingham. 

Geol. Mag., p. 532. 

1880. Boot, J. T. -Sections of New Collieries and Boreholes in the Midland 

Coal-field. Trans. Manchester Geol. Soc, vol. xvi. p. 83. 

1881. Wilson, E. — Permian Formation in N.E. England. Midland Naturalist, 

pp. 97, &c. 

See also General Lists, p. xxv. 
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Tub stratified rocks of England occupy the surface, broadly speaking, in long 
lines stretching from north-east to south-west ; the oldest rocks being in the 
west, in Wales and Cumberland, whilst those of latest deposition are found in 
the eastern counties. As Notts is a long and somewhat narrow county, with 
its greatest length in a north-east and south-west direction, it will be seen 
that its position is on the whole unfavourable to the display of a varuty of 
rocks, although it would afford long and continuous sections of those forma- 
tions which happen to pass through it. 

Glancing at the surface of the county as a whole, we shall note, as a striking 
feature, that long escarpments- lines of low, tolerably well-marked hills — 
abrupt to the west, gently sloping to the east, run in the direction of its 
greatest length. In the valleys between these, the two chief rivers, the Trent 
and the Idle, flow to the north-east, whilst the little tributaries of these 
streams enter them nearly at right angles. 

This structure of the district is entirely dependent on the varying hardness 
of the different strata. The hard limestones and sandstones, having better 
withstood the wear and tear of ages than the softer sands and marls, now rise 
above them, forming bold and distinct features in the landscape. 

We will now examine the geological structure of the district more in detail. 

The Coal-measures. These are the oldest rocks in the county : they 
occupy the surface of a small portion in the south-west, from near Nottingham 
to Kirkby-in-Ashfield, and thence westwards into Derbyshire, forming the 
southern portion of the York, Derby, and Nottingham Coal-field, the most 
extensive in England ; but this area only represents that part where the coal 
strata actually constitute the surface rocks. At many places further east the 
coal is reached by pits simk through superincumbent, later-formed rocks : 
indeed, the Coal Commission which sat in 187 1 considered that coal was to be 
got at a less depth than 4,000 feet as far east as Lincoln. The boring at 
South Scarle (see Lincolnshire) has justified this prediction ; another boring 
at Owthorpe (South Notts) reached Coal-measures at a depth of 1,066 feet. 

There are many seams of coal, but only six or seven of these are of such 
quality and thickness as to admit of profitable working. Nearest the surface 
is the " Top Hard^^ 8 feet thick. This celebrated coal was reached at Cinder- 
hill Colliery at a depth of 655 feet ; at Hucknall Torkard at 1,236 feet ; 
at Kirkby Woodhouse 750 feet ; Clifton 207 feet ; Pleasley near Mansfield 
1,542 feet; Langwith near Bolsover 1,617 feet; and under Newstead Abbey 
1,600 feet. 

The " Deep Soft " seam lies about 500 feet lower down, and about 20 feet 
lower still, there is the "Deep Hard" coal. The Kilhum Coal is probably 
800 feet beneath this. 

In 1854 the Duke of Newcastle sank shafts at Shireoaks at once, without 
preliminary boring, to a depth of 1,527 feet, at which the Top Hard was 
struck : of this depth the first 227 feet were through Permian Beds. New pits 
have been sunk within the last few years at Clifton, Annesley, Bestwood, and 
other places, so that in 1874 there were 45 collieries at work in Nottingham- 
shire ; these raised in the year 3,127,750 tons of coal. In 1879 there were 41 
collieries, and the coal raised amounted to 4,249,242 tons ; of iron ore 20,000 
tons, valued at los. per ton, were obtained. 

In sinking the Shireoaks pit, what appeared to be a valuable bed of iron- 
stone was met with : it is a red ore, and crops out at Anston Stones : attempts to 
work it proved unprofitable, as the band varied much in character : it yielded 
about 40 per cent, of metallic iron. 

The Permian Formation. — These rocks occupy a long narrow strip on the 
west of the county. By far the most important member is the Magnesian 
Limestone : commencing near Bulwell it runs northward, Sutton-in-Ashfield, 
Mansfield, Warsop, and Shireoaks being situated nearly on its eastern limit, 
while westwards it extends into Derbyshire: its thickness decreases from 
above 100 feet at Shireoaks to about 30 feet at Bulwell. In fact, as we go 
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b4jathwardj» we are apprrjachine: Ms ancient limit or i»horc*-line— the elevated 
^rroond ronnrl Chamwixid Forest. At Bulwell, Kiml^erler. Linl»y. Grive^ 
Wood, &c.. the 3iagne»ian Limestone \h lai^ly worked to hum into lime, the 
lower l^eds, however, being ii<»ed for pairing-^tone : going n<jrthwards its (|aality 
improve*. 

At SattooHn-.\»hfield there are large quarries, where the i»tone is got for 
mending roads, for Ifoilding. and for lime. The eastward dip \h here well seen 
to W aliout two or three degrees, and it is nowhere on an average more than 
five decrees. This gentle dip. together with the slope of the ground lieing 
in the same direction, accounts for a rock of such little vertical thickness 
covering so much surface. 

.At Mansfield there are some quarries of an excellent white freestone, south 
of the town, and others at Rock Vallev and mi the Chesterfield road, where 
the stone is of a red tint : this is proljablj the same bed, coloured in the 
latter case bv an infiltraticMi of iron. Stooe frcMn both these quarriea was 
used for the terrace in Trafalgar Square, and Sir Gilljert Scott s|ieaks of it a> 
*' one of the liest building stones in the kingdom.^ The thin )»ed» are much 
used for pairing, cisterns and troughs Wii^ made from the thick )*eds. At 
Mansfield Wrjodhou.He the 3iagnesian Limestone isdeacribed bv the Geolojgical 
•Surveyor. Mr. Aveline, as a maiwive, irregular liedded, crystalline limestcMie. 
yellow, speckled with black : this quarry furnished the stone for Southwell 
Cathedral, the foundation and lower part of the Houses of Parliament. &c. 
Unfortunately all these l^rds of stone are very local and limited : at a com|«ir- 
atively short distance they alter completely in character. 

Thf MiddU PeriHiaM Maris and Samfisfomts overlie the limestrjtne: they are 
workeil for bricks at Bulwell, Hucknall, &c.. and occupy a strip si^me nine 
miles long by one to two broad, north and south of T^orksop. .\!.ove these 
marls is another 1^ of limestone, largely quarried in the north-west, near 
Carltcm. near which place some l>eds of Upprr Pennian Marl* also rxx-ur. 

The Trias, or New Red Saxdstoxe. — This formation constitutes the greater 
part of the county : its lowest division is the Bnntfr Sanditou^. The lx>ld 
cliff on which Nottingham Castle stands is composeil of the massive. yellowish 
sandstone, full of pebbles, which is characteristic of the Bunter: it has lieen 
largely excavated to form caves, cellars. &e.. in and near the town of Xottii^- 
ham. From Nottingham it extenrU n^^rthwanls. widening out att as t«> include 
the whole of Sherwoorl Forest, and reaching from WarM^p awl Work.«»*>p f^n 
the west to Ollerton awl Retford on the east : its lower l»ed> furnish in manv 
places valuable monldimr sawL but as a rule it forms a light sterile M>il. and 
sections of it are rare. The pebbly l^eds are evidently a shore format ir>n. as 
they contain '^clay Itoulders." lumps of clay perhaps from the Permian Marls, 
which harincr l^een rrdled alxiut on an old lieach contain emlfedde*! fragments of 
various rrjcks. G^kxI examples tA oblique lamination, or faIse-1 •eliding, pro- 
duceil by currents, are w^ticeable. 

The next division of the Trias in this county is the Loiter Kemper Satid^f/He, 
or Waterstones : this occupies a strip on the east, by Kirklington. Wellow. 
Walesby. West Dravton. and East Retford. It is well seen in the briek-yarcU 
south of 011ert«jn, where certain blue clays and sandstones which institute 
its l;ase are expr>serl : frx>tprints of hahyrinthfjdoti . ripple-marks. &c.. o<t:'ur 
in the sanrlstones (figs. 67 and 67A). 

The Vpper Kemper Marl* and Sandjftone*. These form a ridge some 200 or 
3CX> feet high on the east, separating the l«isin of the Idle from that of the 
Trent. As the various little tributaries of the I*lle. the Mann, the Meden, 
&c. reach this escarp'ment, they turn northwards. w*l having l»een able to 
penetrate the stiff red clays. On the east slof* numerr*us small streams 
running into the Trent have cut little valleys. These Keuper Marls form 
a goorl rich com-lanrL South of the Trent they spreail frr^m Thrumi't*^ and 
Loughljoroufih ]»y Bingham, to Newark. They contain numer»>ns 1<in<b> of 
gypt^um. which are wrirked at Thrumj'ton, Gotham. Newark, &c. Ca«»ts f»f 
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; bat, except a few fish- 
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ia probably due to the salt, bitter wutec of the greiit inland seHs in which thej 
were deposited. Some of the beds of marl are torereil with liemlsphorical 
protuberances, having correBpomiin^ pittines in [he nest layer, and these have 
nxually been described as rain-pill Jngs. It ia more proliable in many cases 
thut they are the result of a peculiar efflorescence of xall. There are several 
bands of interst rati fled sandstone of no great thickness. 
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A boring at Owthorpe, near the southern boundary of the county, passed 
through the entire thickness of the Trias, giving the following section : — 

Feet. 

Lower Lias and Rhaetic Beds 66 

New Red Sandstone (Trias) 1,000 

Coal-measures 

The Riletic Beds. —Of insignificant thickness, and of no practical im- 
portance, these beds are, nevertheless, of the highest interest to the geologist. 
It is in them, in Germany, at Watchet in Somersetshire, and in America, that 
teeth of the oldest known mammal have been found. Everywhere these 
Rhaetic beds are found between the Trias and the Lias when the junction of 
those formations is exposed. Till lately sections of them have been very rare 
except in the "West of England : but in 1874 they were detected near Leicester, 
and at Elton, in Nottinghamshire. At this latter spot about 16 feet of light 
marl constitutes the bottom stratum, with some 9 or 10 feet of black shales 
above it. Near Stanton-on-the-Wolds the new cutting on the Nottingham and 
Melton railway has exposed these beds, and the Rev. A. Irving, F.G.S., has re- 
corded their occurrence at Leadenham. Fish teeth and scales, with the 
cliaracteristic shells, Avicida contorta and Cardium Rhatieum, occur in 
abundance. 

The Lias. This well-known formation scarcely enters into Nottingham- 
shire ; it occupies a little ground in the south-east, along the Vale of Belvoir, 
and to the east of Newark. Only the lower beds occur, and these contain 
bands of limestone, which when burnt yield a cement valuable for its property 
of setting under water. This is probably due to its rather argillaceous 
character, and to the fact that it contains a little carbonate of magnesia. It 
is quarried for this purpose near Bamston, &c. Bones of the large extinct 
saurians, Ichthyosaurus and Plesiosauriis, occur plentifully near Cortlingstock ; 
AmmotfUes, too, abound. When seen in quarries the face of the rock has a 
banded appearance, owing to the alternation of beds of (birk shale and light- 
coloured limestone. 

The Drift. — Where the Bimter Sandstone occupies the surface it is difficult 
to distinguish between its pebbly beds and those of the latest glacial epoch. 
The tops of the hills and the low grounds usually have a covering of Drift 
gravel or clay, but this has been washed off the slopes and carried down into 
the lower part of the river valleys. From Robin Hood's Hills southwards, over 
Annesley Park, the Drift lies thick, and contains numerous fragments of 
foreign rocks. The so-called Druidical remains near Blidworth are cemented 
masses of Drift gravel, which now stand out boldly, the loose unconsolidated 
surrounding portions having been carried away by denudation. 

Alluvium. -The river gravels of the Trent stretch from one to two miles 
on either side of that river, marking the extent to which it formerly wandered 
to and fro when unchecked by the devices of man. These gravels are mostly 
derived from the Drift, and are composed of a great variety of rocks from all 
jwrts of the area drainetl by the Trent. The river Idle has also deposited 
much mud cm the low flat lands on either side of its present bed. 
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The rocks of this county have been well studied, both by those men who laid 
the foundations of the science of geolc^ in the first half of the present 
century ; and by their successors of to-day. Professor Buckland, who was 
rector of Islip (where he is buried) and Professor of Geology in Oxford 
University, wrote several papers on the subject. With him may be named 
Fitton, Strickland, and Ogilby. The late Professor J. Phillips, of Oxford, 
gave us a capital work in his " Geology of Oxford and the Thames Valley." 
The Government geological maps of the county were published between 1859 
and 1863, the work having been chiefly done by Messrs. Hull and Whitaker, 
and descriptive memoirs by these gentlemen and by Mr. Green have since 
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been issued. Large collections of fossils were made by Mr. Whitcaves, and 
Professor Owen has frequently described the huge reptiles whose bones are 
not uncommon in the oolitic strata. The scenery of the central portion of 
Oxfordshire, where clays predominate, is somewhat dull and fiat, but in the 
north-west, and in the clialk ridge which occupies the south-east corner, wo 
get some respectable elevations. 

The oldest rocks are found in thfe extreme north-west, and as wo walk 
thence towards the chalk, we are continually passing over newer and newer 
beds which lie one upon the other, all having a general slant or dip towards 
the south-east. If on the contrary we walk towards the north-east or south- 
west, we can often manage to keep on one bed of rock all the way, because the 
different formations extend or strike in long irregular lines in tliat direction. 

By a deep boring lately made near Burford, the interesting fact was ascer- 
tained that Coal-measures underlie Oxfordshire, at a depth, in this spot, of 
1,184 ^6^^ 5 the cores l)rought up were full of fossil ferns. 

The Lias. — Commencing in the north-west we find the eastern portion of 
the Vale of Moreton to be composed of bluish clays the Lower Lian — which 
also reach along the valley of the Cherwell as far as Steeple Aston, and along 
either side of the river Evenlode to near Charlbury : these Lower Lias clays 
contain a bed of hard shelly limestone called Banbury Marble, which takes a 
fair polish, and is worked into chimney-pieces, &c. 

The Middle Lias or Marhtone forms a prominent ridge overlooking this 
flat country, and ascending it we find ourselves on a plateau of the rcxik, which 
is a sandy limestone tinged red by oxide of iron, extending for 5 or 6 miles 
north-west and south of Banbury : this hard top band is terme<l the Rock-bed. 
The fossils found in the l>eds beneath, which are usually sandy clays 40 or 50 
feet thick, show that they belong to the Marlstone, but from want of sections 
it is almost impossible to separate them from the great mass of Lower Lias 
clays beneath. The Rock-bed is largely worked for building and for road-metal ; 
when dug at any depth, or under a covering of clay, it is a liard bluish limestone ; 
where it has been much exposed to atmospheric influences, it has weatheretl 
brown, and has l)ecome comparatively frial>le. In this state it yields brown 
hematite — a valuable iron ore which nas been largely worked at Adderbury, 
north of Deddington : here 36,808 tons were dug in 1874, valued at ;f 7,721 ; 
but in 1879 only 1,233 tons, valued at ;f2i6, were obtained. At Fawler, Swal- 
cliffe, and several other points the ore is also of grxxl quality, and will 
doubtless be worked at a future day. From Burford to Charlbury the thick- 
ness of the Rock bed varies from 10 to 20 feet. Fossils are common, such 
shells as BhynchaiieUa and Terebratida forming masses called " jacks " by the 
workmen. 

Upper Lias Clays. — These are bluish clays which once everywhere covere<l 
up the Marlstone ; they have Ijeen so denuded, however, as now only to exist 
in narrow strips, and in detached patches called outliers. As we follow them 
along a narrow strip on each side of the Valley of the Kvenlode they become 
thinner and thinner, until l>etween Charlbury ami Htonesfleld they entirely 
disappear. It results from this that a boring, say near Oxford, might possibly 
reach coal at a depth of less than 2,0CX> feet. In sections near Banbury the 
beds are very fossiliferous, containing numerous Ammonites, &c. This 
district has been well worked by Messrs. T. Beesley and E. A. Walford. 

The Oolite. — In North Oxfordshire we find, resting upon the Upper Lias 
Clays, some sandy be<ls, here changing into a white oolitic freestone, as at 
Brailes Hill, or into ironstone, as at Mine Hill. Shenlow Hill, which rises to 
a height of 836 feet, is capped with these sanrls, as is also Epwell Hill, a little 
south of it. South of these points the sands spread out considerably, covering 
the Rollwright Ridge, and extenrling southwanls to Chipping Norton, and east- 
wards to Dunstew and Steeple Aston. The term yf/rtha/njkf/n Sand has been 
applied to these l>e<ls, l^t it is very important to understanrl that here they 
really include two formations, the lower pert containing marine shells ami 
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belonging to tlie Inferior Oolite, and the upper portion almost destitute of 
fossils, except wood and plant markings, being of Grmt Oolite age. In fact in 
North Northamptonshire and Lincolnshire we have a thick bed of limestone 
between these two sandy beds which have here rim together, and are almost 
imdistinguishable. Ammonite^i Murchisona is a very characteristic fossil of 
the lower division. 

Great or Bath Oolite. —At the base of this well-known series occurs the 
" Stonesfield Slate," which is a laminatecl sandstone, splitting readily along 
the bedding planes into slabs thin enough to be used for roofing. The working 
of the slates is very expensive, and they are now only used for architectural 
effect. They have procluced a large number of fossils, indicating their forma- 
tion in shallow water. Trigonia impressa is the commonest shell, but the 
most remarkable fossils are the lower jaws of four small species of mamnmls, 
which are the oldest known except those in the Upper Trias. In similar beds 
at Sarsden, the Earl of Ducie obtained the lower jaw of a. pferodacti/le—fin 
extinct species of flying reptile. Many sections of beds belonging to the 
lower part of the Great Oolite are exposed on both sides of the Valleys of the 
Evenlode and the Dome. At Tainton, near Burford, these beds have been 
extensively quarrietl, and the oldest buildings in Oxford are of stone obtaine<l 
from this spot, which also furnished the material for Blenheim Palace, and 
for the inside of St. Paul's Cathedral. 

The upper part of the Great Oolite is in Oxfordshire a thick-bedded white 
limestone, compact or marly, and about 20 or 30 feet in thickness. Entering 
the coimty near West well it passes by Burfortl and Wychwootl Forest and 
spreads out into a flat plateau on which stand Ditchley Park, Kiddington, 
Wootton, &c. Crossing the Cherwell the outcrop is narrowed by that stream :, 
good sections are exposed in the quarries at Enslow Bridge, where bones of 
taurians, especially Tel^osanriis, are not uncommon ; thence it passes north- 
wards by Stoke Lyne, Cottisford, and Mixbur}'. The total thickness of the 
Great Oolite beds in this District is about 200 feet. Fossils are numerous, 
about 150 species being recorded, thick beds of the shell known as Terehratuhi 
t?iaxillata being frequently exposetl in quarries, as at Enslow Bridge. 

Forest Marble. This term is applietl to the hard fla^y limestones, much 
ripple-marked and false-bedded, which compose the larger portion of Wych- 
wood Forest. They are quarried for wall building and flags, and are often 
composed of broken oyster-shells cemented together by carbonate of lime. 
This formation is very fmgmentary and occupies more ground as outliers than 
along the outcrop : in the Forest it is 25 feet thick. In the large outlier at 
Blenheim Park it has become reduced to 15 feet, and then south of Tackley 
seems to die out altogetlier. It agjiin appears, however, on the left bank of 
the Cherwell, opposite Enslow Bridge : here it is clayey and is worked for 
brick-making. At Middleton, Stoney, and Bucknell the Forest Marble can also 
be recognised, but then thins away rapidly ; it forms a poor soil. 

Comhrash. This is a rubbly cream-coloured or brown band of limestone 
about 10 or 15 feet thick, which is as constant in its occurrence as the Forest 
Marble is inconstant. From the village of Broughton Poggs in the south-west 
we can trace it by Broadwell and Kencott to Norton Bridge, where there are 
good sections. Passing round "Witney the outcrop narrows from above a mile 
to about 200 yards or so. At Bladon it broadens out to Woodstock and Shij)- 
ton ; hereabouts the Cornbrash is very fossiliferous. From Middleton Stone3- 
to Bicester this limestone forms a broad plateau more tlian two miles wide, 
and tlien from Fringford and Coddington it circles round to Buckingham : it 
forms a "brashy" loose soil of a reddish-brown hue, and well adapted for the 
growtli of wheat. A curious row of inliers occur at Islip, Cliarlton, Merton. 
and BlackthornHill : these are dome-shaped masses, rising out of the dull plain 
of Oxford Clay, and it is worth noticing how they have all been seized upon 
as sites for villages. Avicida echjnafa is a common fossil. 

The Oxford Claif. —The clunch, as William Smith called it, is a Very 
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thick Mue elav which "weathers vellow at the surface, and covers a broad 
tract of country, the scenery of which is remarkably dull and uninteresting. 
Entering near Lechlade it forms all the district between Bampton, Duckling- 
ton, Church Handl»orough and Bletchington on the north, and the Thames on 
the south. Then extending from Kidlington to Oxford we can follow it due 
north-east over the dreary ground of Ot Moor, past Launton and Fiddington. 
There are some outliers on Wychwood Forest and one at Combe : at O^ord 
it is 600 feet thick. Sections are rare and fossils scarce. Near Bicester it is 
ilug for bricks. Gryphta dilatata is a characteristic fossil. Everywhere the 
Oxford Clay forms cold stiff land, difficult to cultivate and usually in pasture. 

Coral Rag. — The term " rag" is applied by workmen to any stone which is 
largely composed of shells, corals, &«., bouna together by a calcareo-siliceous 
or other cement. We can trace such beds from Sandford-on-the-Thames 
passing east of Cowley to Headington, Elsfield, Stanton St. John, and thence 
to Wheatley ; from this point the sands and limestones die out and appear to 
be replacetl by beds of clay. At Headington Hill, near Oxford, there are 
la]*ge quarries in this Coralline Oolite, and the stone has been much used in 
that city. It is not very durable, however, and requires to be laid as in the 
quarry, so that the bedding-planes are not exposed ; Wadham College is 
perhaps the best example of a building constructed of this stone. The lower 
tlivision, or Calcareous Grit, is about 70 feet thick, and the upper part, or 
Coral Rag proper, al>out 50 feet ; the latter is largely formed of corals, Theco»- 
milia and I«a*trea being very numerous. 

Kimtturidge Clay. — This is a verj- stiff unctuous shaly clay, with occasional 
l»ands of limestone nodules. It is well seen in the brick-pits near Headington, 
and its thickness in Oxfordshire is about 100 feet; it forms the vales of 
jiasture land l>etween Sandford, Toot Baldon, Cuddesdon, and Waterperry. 
Crystals of selenite, called " fossil water" by the workmen, are of frequent 
occurrence. Ostrea deltoidea is very common. At Cumnor Hurst, near Oxford, 
the lK)nes of a lai^e extinct species of reptile called the IgNanodoajWere found 
in 1879 in a sandy layer near the top of the Kimmeridge Clay. 

Portland Stone and Sand. — The lower part is forme<l of brownish sands 
which contain masses of grit of strange forms, such as those seen on the old 
London road in going from Oxford up Shot over Hill. These l>eds make no 
great show in Oxfordshire, although they are from 50 to 90 feet thick, being 
frequently concealed by the overlap of the Cretaceous series. The Fortland 
.stone is a white limestone, which is worked at Garsington. At Haseley the 
stone is al>out 8 feet thick. Similar beds occur at Cuddesden, Great and 
Little Milton, and east of Thame. 

PHrbeck Beds 4 feet thick are said to occur on Shot over HilL 

Toe Cretaceous Forjiatiox. — Of the Lower Greentand a considerable patch 
extends from Culham to Burcott, and thence north to Nimeham Courtnev and 
east to Chiselhampton ; it is there covered by the overlap of the Gault, but re- 
appears at Great Haseley and Albury. Outliers cap Shot over HilL These 
1>eds are variegated sands containing much siliceous iron ore towards the top 
:uKt about 80 feet thick. Freshwater shells, as Unio and Paludina, occur here. 

The Gatdt is a pale blue clay about 200 feet thick. We can trace it as a 
level tract on the left bank of the Thames at Dorchester and Warl>orough, 
and past Studhampton, Chalgrove. Rycote, Tetsworth. and Sydenham, the out- 
crop l)eing from l^ to 4 miles wide : it is dug for brick and tile making. 

Vpper Greensand. — This overlies the Gault, and forms a liand al>out a mile 
wide from Crowmarsh and Bensington to Cuxham, South Weston. Chinnor, 
ami Henton : the lower part is whitish with dark clayey greensand al»ove. 

The Chalk.- The jimction of the Lower Chalk with the Greensand is well 
marked by a line of springs, which have determined the sites of numerous 
villages, as Mongewell, Pyrton, Shirbum. Lewknor, Aston Rowant, Crowel, 
Chinnor. ami Ble<llow. The L(/vcrr Chalk is a white earthv limestone, almost 
destitute of flints: the Chalk Rock is the term applied to a hard 1>and at the 
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top which coDstituteH the crest of the Chiltem Hills. Beyond this, to the 
east, as far as the county exteiwls, we have the Upper Chalk with flints. There 
are some good sections near Great Marlow. 

Tertiary Period. -A few outlying fragments of £oc'E5E age are found 
scattered over the chalk downs, proving that they once covered them all over. 
At Binfield Heath and Emmir Green the vestiges of the Reading Bed* cover 
more than a square mile, and in the latter place a little London Clay is to be 
seen in the brickyard. Similar outliers are found on Turville Common, 
>Iaidengrove Common, Nettlebed, Woodcot Common, &c. These are mostly 
sandy, l>ut at Nettlel>ed there is about 40 feet of greenish-white sandy clay, 
very valuable for making drain-pipes, &c. 

The Drift. — The south-west of Oxfordshire is tolerably free from those 
surface masses of clay and sand, which interfere greatly in the northern and 
eastern divisions with the work of the geological surveyor. In gravel-pits we 
see that the drift, as it is termed, is mainly composed of fragments of Liassic 
and Oolitic rocks, broken up and mixed together, probably by the action of 
glaciers or floating icebei^. Through this debris, which partly fllled up the 
ancient valleys, the present rivers have often cut their way, ami the present 
river-gravels are usually composed of re-assorted drift pebbles. 

Alluvial Deposits. — The rivers have also deposited much mud, or alluvium, 
on either sicfe of their banks, forming the rich green water-meadows of the 
Thames and the CherwelL These river accumulations are from a mile to a 
mile and a half broad in the neighbourhood of Oxford. The Windrush has 
also formed similar l>eds, averaging three quarters of a mile wide, from 
Witney to its junction with the Lsis. 

Prehistoric Max. Implements fashioned out of stone are of not infrequent 
occurrence ; thev are met with in the surface soil or in ancient interments or 
encampments. Flint arrow-heads liave been found at Stanlake, Abingdon, and 
hy Colonel Dine Fox in an old earthwork on Callow Hill. A stone celt or 
axe-heatl found at Eynsham is in the collection of >Ir. John Evans: he 
describes it as a short thick specimen, 4^ inches long, which is also the length 
of a similar specimen from Abingdon : tney are both polished, and the latter 
has a facet on the e<lge. having l»een reground to sharpen it. Another, made 
of greenstone, is recorded from Stanlake. A celt is said to have been found 
with some IU>man remains at Alchester, but the association was proliably 
accidental. These stone axes or adzes, or chisels, seem to have l>een set in 
sockets, which, however, are rarely met with. One such socket or handle 
formed of the horn of the red deer is said to have been found with human 
remains and potterj- of an early character at Cockshott Hill, in Wychwood 
Forest. A hammer-stone formed of a quartzite pebble was obtained by Colonel 
Dine Fox within an ancient earthwork at Dorchester, ami a sharpening or 
grinding stone was found at Burcott in the same parish in 1835, together with 
a stone celt. Flint flakes or knives are abundant on Callow Hill, and cme, of 
which the wlges were serrated so as to act as a saw, was found at Briglit- 
hampton. From Callow Hill a flint scraper for dressing hides is also to 1>e 
mentioned, and a fragment of a spear-head from Dorchester Dykes. A diligent 
look-out would lead to many more discoveries of these old stone tools, which 
are the only remaining traces of savage triljes who inhabited this countrj- in 
pre-historic time.«. 
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Publications op the Geological Survey. 

Ma'p, —Sheet 64. 

Memoir, — On the Geology of Rutland, &c., by Professor J. W. Jucld, 
128. 6d. 

Important Works or Papers on Local Geology. 

List (l)y W. Whitnker) of no works on the Geology of Rutland, and 
Parts of the adjoining Counties, in the Survey Memoir by Professor 
Judd. 
1836. Fitton, Dr. W. H. — Strata between the Chalk and Oxford Oolite in 

South-east of England (Chalk at Ridlington). 
1839. Delabeehe, H. T. and Smith. — Report on Selection of Stone for New 

Houses of Parliament. Blue Book. 
1873. Sharpe S. — Oolites of Morcot, Ketton, &c. Joum. Geol. Soc, vol. xxix. 

y. 238. 
1876. Harrison, W. J. — Geology of Rutland. 

See also General Lists, p. xxv. 

With the exception of a few papers by Professor Morris, the Rev. P. B. 
Brodie, and Dr. Porter, but little had been published concerning the geology of 
this county till the year 1872, when an admirable geological map of the district, 
by Professor J. W. Judd, was issued by the Government Geological Survey. 
This was followed by a descriptive memoir by the same author, who lias 
treated the subject so thoroughly and fully as to leave future workers in the 
district but little employment except the filling in of details. To Mr. Judd's 
work we must refer all who wish for full and minute particulars, only pro- 
fessing here to give a brief sketch of the structure of the county. In studving 
the rocks of any district, we must be careful not to confuse the irreguhir beds 
of drift-clay and gravel, which may or may not be scattered over the surface, 
with the true subjacent beds. In the geological maps the Drift has not 
hitherto been coloured, but in a separate series now being prepared it is 
specially marked. To agriculturists its presence is very important, as of 
course where present it determines the character of the surface soils. Leaving 
this "Drift" for after consideration, we shall examine first the stratified rocks 
of the district. No igneous or metamorphic rocks, such as slate or granite, 
are foimd in Rutland. The whole county is composed of Liassic and Oolitic 
strata, two series which are often coupled, and described as the Jurassic 
system, from their development and exposure in the Jura mountains of 
Switzerland. They form a remarkably regular alternation of clays and lime- 
stones, and stretch across England from the Yorkshire coast to Dorsetshire. 
The total thickness of the various beds exposed in Rutlandshire is about 450 
feet, and were they now horizontal as when deposited on the sea-bottom, it is 
evident we could know little or nothing about the lower members. The same 



2i8 GEOLOGY OF ENGLAyD AXD WALES. 

tilting, however, as described in the case of Leicestershire, has caused the strata 
to dip eastwards a1)out i in 120, or 44 feet per mile. 

As might be expected, the harder strata, mostly limestones containing iroo, 
form hills and escarpments, whilst the clay beds form the slopes of valleys. 
The name of the county, Rud, or red-land, is derived from the oolour of the 
ferruginous limestones, which also tinge the slopes with their down-wash. 
Traces of former workings for iron are frequent, the masses of slag which 
often cover the surface of newly-cleared fields being very striking. This 
industry died away with the destruction of the forests and consequent lack of 
charcoal, but is once again being revived. 

The Liassic Formation.- -The oldest rocks found in Kutland belong to the 

Lower Lias. — These occur in the north-west of the county, near Whissen- 
dine, where the tanks of the river Eye, the railway cutting|8, and new brick- 
yard, afford sections of clays with nodules containing ammonites of this age. 

Middle Lias. — The Marlstone Rock-bed forms productive com land about 
Oakham and elsewhere, the clays above and below it being in pasture. It is 
here 8 or 9 feet thick, and contains numerous fossils, as RhynchimdUif Terebron 
ttdttf and Belemnites. The railway from Luffenham to Melton runs through 
the fertile vale of Catmos, whose bottom is formed of this marlstone, while 
the sides are long slopes of Upper Lias Clay, capped on the east by oolites. 
About Teigh the Rock-bed forms a bold escarpment. Eastwards it is exposed 
in the valley of the Gwash at Braimston, and in the valley of the Chater 
near Withcote, projecting like a shelf on the sides of the valleys. 

The Upper lAas is in this district a bed of clay about 200 feet thick, which 
is often dug for bricks. It occurs chiefly in the west of the county from 
Edmundthorpe to Caldecot, and, owing to its great local thickness, the scenery 
about here is much bolder and more picturesque than where the same beds 
occur further south, in Northamptonshire. It is indeed comparable in many 
parts to that of the Cotteswolds. The name Lias is a corruption of the word 
" layers," as pronounced by workmen in describing the alternate bands of lime- 
stone and shale which so frequently occur in this formation. 

The Oolitic Formation. — The word oolite is from the Greek "o(w,** an 
egg, in allusion to the rounded grains of which so many rocks of this age 
appear to be composed. Its lowest member in Rutland is the Northampton 
Sand. In some places this is merely a white shelly sand, but the lower joAXt 
has usually been converted into a rich ironstone rock, which when duginaeep 
wells is of a blue or green colour, but where it is near the surface and has 
been exposed to the action of tlie weather it is of a rich brownish hue. In 
the former case the iron is in the condition of a carbonate, but in the latter it 
is in the state of an oxide. The upper white sands contain plant-markings, 
and have been named the Lower Eatuarine Series. 

About Uppingham the Northampton Sand is 30 feet thick. It thins out east- 
wards to 2 or 3 feet at Barrowden, and then disappears altogether. From the 
valley of the Welland near Harringworth due north to Grantham, and on to 
the Humber, the hard beds of ironstone of the Northampton Sand cap the 
steep slope of Upper Lias Clay already mentioned. The result is the bold 
escarpment facing westwards, known in Lincolnshire as the " Cliff," which can 
be traced for fully 90 miles, and on the top of which runs the celebrated Roman 
road known as "Ermine Street." Numerous springs issue from the junction 
of the Northampton Sand, with the impervious Lias Clays. It forms a rich 
light soil, especially adapted for the growth of spring crops. It is proliably " 
an estuarine deposit formed in the delta of a great river flowing from the 
west. The question of the origin of the iron in the Northampton Sand is of 
great interest. The ore was probably not there when the beds were first 
deposited. But during long ages after, water containing carbonate of iron in 
solution percolated slowly through the beds, depositing the carbonate of iron 
on the grains of sand as it did so. In that part which has since been exposed 
to the weather, the carbonate has been changed to an oxide of iron, and it is 



only where this has been effected that the ore iswortli working. The surface 
too, has been broken np, and the lighter noD-territerouB portions carried away 
Uy rain-water, so that the ore is usually richest in iron near the top. (Seefig.68.) 
The Lineoisshire Odilt Limadone, which comes next above the Northampton 
Sand, is BO named because it attains its maximum thickness and development 
in the connty whence it takes its name. At Stumford it is So feet ttiick ; 
southwards, it thins out, and disappears altogether near Harrington, and 
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eastwards, near Water Newton. Northwards it thickens towanls Lincolnshire ; 
whilst westwards it has lieen so denuded that we are ignorant of its original 
extent, thoufih it prolmlily stretched nearly to the river Soar. At its base, in 
certain localities, there are found beds of a thin sandy limestone, which, after 
being exposetl to the action of frost, split into thin flags suitable for roofing 
purposes. These are the well-known CoUyweston Slates; they have been 
especially favoured by Sir Gilbert Scott and other architects as a material for 
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church roofs. They contain some interesting shells, as Pinna cuneata, Pterocera 
Bentleyi, &c. During their deposition the sea-bed was gradually sinking, for 
the bea now to be described — the Lincolnshire Limestone proper — is lai^ly 
constituted of coral reefs and shell banks. The main mass stretches in a band, 
some three or four miles broad, across the east of the county, from Barrowden, 
Tixover, and Stamford in the south, to Thistleton and Stretton on the north. 
In this tract it furnishes a light soil of a reddish tint, owing to the occurrence 
of a band of ironstone nodules, which lies at the top. The line of outcrop is 
remarkably distinct, but there are outliers of this limestone at Seaton and 
Manton, and between Morcot and Luffenham. 

In many places the " Lincolnshire Limestone " is dug to bum into lime, but 
it is still more lai^ely quarried for building purposes. The Ketton quarries 
exhibit very fine sections. Here the upper beds of stone called " Crash,** and 
" Grit ** or " Rag," are too hard to be easily dressed, but underlying them 
comes the celebrated Ketton " Freestone." This is one of the best building 
stones in England, and was highly eulogized by the Commission appointed in 
1839 to report on the best stone for the new Houses of Parliament. It con- 
sists entirely of beautifully rounded grains, cemented together by carbonate 
of lime. Its durability is very great, and its imiformity of structure is such 
that it " can be placed in any position in buildings without exhibiting any 
tendency to weathering." The thickness of the bed, however, is only about 3 
feet. Ketton stone has been used for many of the colleges of Cambridge, at 
St. Dimstan's church, in Fleet Street, London, in the restoration of Peter- 
borough and Ely cathedrals, and in most of the neighbouring towns. The 
new mimicipal buildings at Leicester are faced with it. About one hundred 
workmen are employed in the quarries. There are also large quarries in this 
limestone in the east of the county, at Clipsham and Little Casterton, whilst 
it is got for local use at many other spots. Specimens from the most impor- 
tant quarries are exhibited in the Geol(^cal Museum, Jermyn Street, London. 

The Great Oolite. — In Rutland the " Lincolnshire Limestone " may be 
considered as forming a plateau, on which, in the east, stand detached patches 
of The Great Oclite. This, the next formation, is an alternating series of 
clays and limestones, of which the lowest bed, resting on the Lincolnshire 
Limestone, is a light-blue clay, about 30 feet thick. It is named the Upper 
Estuarine Series, from its containing l>ands of both fresh-water and marine 
fossils. It forms a cold unkindly soil, as at Luffenham Heath, the woods 
near Pickworth, Stretton, Empingham Wood, &c. In the Lincolnshire Lime- 
stone quarries above mentioned these clayey beds are seen on the top, and by 
their presence have preserved the stone beneath from the percolation of 
water, and so have much improved the quality. Above these clays come 
certain be<ls of marly limestone, called the Great Oolite Limestone. They 
give rise to an excellent black soil, and contain numerous fossil oysters, 
mostly small and smooth. They occupy a very small area in Rutland, whilst 
the remaining members of the Great Oolite Series, viz. the Great Oolite Clays and 
the Comhrash, are still more restricted in extent, occurring, indeed, only about 
Luffenham Heath and Clipsham Wood. The top bed of the Combrash is a 
thick l>and composed of large rugose oysters, named Ostrea Marshii. 

The Drift of Rutland consists of boulder clay, containing chalk-pebbles 
and flints in great numbers, tc^ether with masses of local rock of such size 
that they might readily be mistaken for outliers. Indeed, it was stated^in 
the " Philosophical Transactions" for 1821, that chalk had been discovered at 
Ridlington. It was certainly a large mass of that rock transported by some 
huge iceberg from the eastward. This clayey drift is the ** Great Chalky 
Boulder Clay " of Mr. Searles Wood, and was probably formed by a glacier 
descending from the Lincolnshire Wolds: we can trice this boulder clay 
southwards to the valley of the Tliames ; in Rutland it not unfrequently 
includes irregular beds of gravel and sand. 
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Xatural Historv axd Scientific Societies. , 

Caradoc Field Club ; Shrewsbury'. Transactions. 
Oswestry and Welshpool Naturalists' Field Club. 
Shropshire Archaeological and Natural Histor}' Society. 
Ludlow Natural History Society. 
Severn Valley Naturalists' Field Club ; Bridgnorth. 

Museums. 

Ludlow Museum. 

The MAseum of Natural History, Shrewsbury. 

Publications op the Geological Sukvey. 

Ma2)s.— Quarter Sheets: 55 N.W. Clee Hill, Ludlow; 55 N.E. Cleobury 
Mortimer, Bewdley, Stourport, Titterstone, Clee Hill ; 56 N.E. Clun, 
Knighton; 60 N.E. Oswestry; 60 S.E. Montgomery'. Bishop's Castle ; 61 N.E. 
Wellington, Shifnal ; 61 S.E. Much Wenlock, Bridgnorth; 61 N.W. Shrews- 
bury- ; 61 S.W. Church Stretton ; 62 N.W. Cannock Chase ; 73 N.W. Whit- 
church, Malpas ; 73 S.W. Wem ; 73 S.E. Market Drayton, Eccleshall ; 73 
N.E. Nantwich ; 74 N.E. Llangollen, Wrexham ; 74 S.E. Oswestry. 

Important Works or Papers on Local Geology. 

1862. Egerton, Sir P. de M. G. — New Species of Pterichthys from Farlow. 
Joum. Geol. Soc., vol. xviii. p. 103. 

1862. Morris, Prof. J., and Roberts, G.E. — Carboniferous Limestone of Oreton 

and Farlow. Joum. Geol. Soc., vol. xviii. p. 94. 

1863. Salter, J.W. — Tracks of Lower Silurian Crustacea. Joum. Geol. Soc., 

vol. xix. p. 92. 
1863. Roberts, G.E., and Randall, J. — Upper Silurian Passage Beds at Linley. 

Joum. Geol. Soc.. vol. xix. p. 229. 
1865. Woodward, H. — New G^nus of Eurypterida from Leintwardine. Joum. 

Geol. Soc.. vol. xxi. p. 490. 
1877. Allport, S. — Silurian Pitchstones and Perlites. Joum. Geol. Soc., vol. 

xxxiii. p. 449. 

1877. Callaway C. — Upper Cambrian Rocks in South Shropshire. Joum. 

Geol. Soc., vol. xxxiii. p. 652. 

1878. Callaway, C. — Quartzites of Shropshire. Joum. GeoL Soc., vol. xxxiv. 

p. *754- 

1879. Callaway, C. — Pre-Cambrian Rocks of Shropshire. Joum. GeoL Soc., 

vol. XXXV. p. 643. 
1881. Davidson and Maw. — Upper Silurian Rocks of Shropshire. Geol. Mag., 

p. 100. 
1 88 1. Smith, J., & Jones, Prof. T. R. — Silurian Entomostraca. Geol. Mag., p. 70. 

See also General Lists, p. xxv. 
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The county of Salop is formed of a large variety of rocks, differing greatly in 
composition and of very dissimilar ages. These rocks have attracted the 
attention of many distinguished geologists, who have published hooks or 
written papers in elucidation of the structure of the district, so that our 
knowledge of its strata is tolerably full and complete ; ample scope still 
remains, however, for local work, and it is especially desirable that old facts 
and discoveries should be re-examined with the aid of luodern ideas, and 
appliances, as thereby many necessary corrections may be applied and ad- 
ditions made to the work, the main outlines of which have been so ably filled 
in by earlier workers in the science of geology. 

In briefly reviewing the state of our knowledge of the strata of this county, 
it may first be mentioned that the Government Geological Survey has issued 
maps, coloured to show the position of each rock bed, and also horizontal 
sections showing the dips of the beds and vertical sections showing their 
thickness ; these may be obtained through any bookseller, and are necessary 
to every one who wishes to study the subject. The early volumes of the 
Transactions, Journal, &c., of the Geological Society of London contain several 
papers, mostly on the older rocks of the county, by the Rev. J. Yates, Messrs. 
Murchison, Aikin, Wright and Lyell, while later volumes contain papers 
by Professors Ramsay and Morris, and Messrs. Roberts, Randall, Salter, 
Aveline, Woodward, &c. The publication of Sir R. I. Murchison's great work 
"Siluria," in 1839, marks an epoch in the history of geological discovery; in 
it the order of succession of the older rocks was first made known; the last 
(5th) edition of this book was published in 1872; the "Records of the 
Rocks," by the Rev. W. S. Symonds, tells the same story in a more popular 
manner. Quite lately Dr. Callaway, of "Wellington, has thrown much new 
light on the structure of the Wrekin and tlije adjoining country, and Mr. 
Allport, of Birmingham, has done much in the same matter (Quart. Jour. 
Geol. Soc, vols, xxxiii., xxxiv.) ; Messrs. D. Jones and Scott have written on 
the coal-fields, which are ably described by Professor Hull in his standard 
work " The Coal-fields of Great Britain ;" and for what we know of the Drift 
we are chiefly indebted to Messrs. Mackintosh, D. C. Davies, and G. Maw. 

Viewing the structure of the county broadly, we see that the Severn 
forms a very fair boundary line between the older and the newer rocks. All 
the region to the south and west of that river is composed of old hard rocks, 
which, however, send two promontories across the stream, one near Shrews- 
bury, ending in Haughmond Hill, and the second and more extensive one run- 
ning past the Wrekin to Lilleshall : a strip in the north-west, too, beyond 
Oswestry, must be classed with the older rocks : this difference in rock struc- 
ture is accompanied by corresponding differences in scenery, cultivation, popu- 
lation and industrial occupations : the south-west region is hilly, and in parts 
even of a wild character, with, on the whole, a poor soil: the mines of lead, 
iron and coal, and the abundance of limestone, compensate for this, however, 
to some extent: the north and east are comparatively flat or undulating, with 
a richer soil, much more arable land and an agricultural population. 

Prb-Cambrian Beds.- -Commencing with the oldest or first formed rocks, 
we find these in the very centre of the county, forming the "Wrekin range, 
and further to the south-west the hills called tlie Lawley and Caer Caradoc : 
Mr. Allport lias proved by microscopical examination that the rocks which 
constitute these elevations are a series of beds of lava and volcanic ash, whilst 
Dr. Callaway has shown that they underlie rocks which themselves are older than 
any others in the county, and he consequently claims for the "Wrekin the title 
of the oldest mountain in England (Popular Science Review, Jan., 1879) : 
these old rocks with others which rest upon them, have been brought to the 
surface between great fmdts or dislocations of the strata, which can be traced 
running along their edges from north-east to south-west. 

Pre-Canibrian Qimrtzite. — This is a bed of altered sandstone which rests on 
the volcanic rocks just described, and contains rounded fragments of their 
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iiiHtfriiil : it in iilmiit 200 fvvX tlijrli, iiml mny Iiv liiioisl 011 tliu flHnkii of tlio 
Wrtltin. Cimrltim Hill nnd Chuf Cnnitluc: tliu unly i'viik'ui;u uf lifu wliidi it 
I1H8 yii'lilvd JH a wnnn batnni'. 

C'ltMBKMN FiiRiijirtOH. I'ptHi thc ijUurtzitu Inxt lU-iKTilivl wo ilul TeMing 11 
HcricH uf Iliin-biHlilGil niica<vuuK (iii'fii sniulatunuH, whicli hy tlitir wixitiuii uikI 
fiiHHil ronmiiiH mnyliuHliownl'Dliuuf Xhummist\p.\Knt)\tiHnUylniiihSaiidiiio«t<i1 
Mnlruni, iiimI the lAsgnla Ffaqt uf NiiKli WnlfH ; upim tluiKu Hgiiin uru Uluv 
KlmlfH- Ihi> Skl«rto» Hhntn i>V I)r. Cnllnwny, routHinmu; nnmcruiw nw foiHiils, 
Kiirh iiH trilul>ili-H (AntipitllKi' Hoiiifmyi) &e. ; tlu'nu hnU ninj Iw cum>likt«d 
witli tluuw nl Tromiuliic m Nortli WiiIoh: hII ilivsu ImIh waru till ninnrly 
ptmHiiU'Tiil !■» Iw of Hilurinn Hip-, hihI iiro ho coJuuthI un the nmiiu of tlio 
Oi'oliifiiffll Murvi'y. 

TliK vi'll-kiiuwn Iionfnnytiil Ruelw, went iif Cliitrcli Mrniirim, am kIhu uf 
(Vinilimii ngv : thpy rimi to n liuiKht <>f 1,674 '*"<'< n™' <f v" HHCtiid itiiy of 
lliit linwk miiiTjcH wliii'li ran down Ihcir ciiMiim HiiluH wp Siicl thuyHro nmiDly 
vomiHwul of InminiiliKl HitHlHtoiiuN itiiil ^Ih of H ]mr]ik' urgroy tint : they 
will K]i)il, thoutch lint ruiuUly, nliniK tliu Iiiivh of liwUlhi{(. iinil HiwcimcnK nhov- 
itiff riiiplii nmrkH (lifcv tliow to Iw hui'Ii nny Any ihi n iMnily IhuicIi) nwl Huih- 
cmctM miiy roiMlily liu tilitiiinHl. Tlio Into Mr. iJulliT iliiwnvfn'd in tlu-BH nidiN 
iiHiiiy truriii-lxirmwii litttv duul>1u IuIh'h Hurh an iiro iiiikIu by thv nuiritiv 
w(imi» (Anvirg/tf) m windy HUBuhortw; to tin- iincii'nl tmi-n Mr.Siilti-rpivB thr 
luimc uf ArminiitrtiitpanmanA A. itiilyiiaui, iliMtinKuiihini; in thi'tii IvoHinTieH : 
on (billow Hill tliii Mnic emiiiPnt imlnnuitiilufciHl fouml fniKnimitHry ruinniiiH 
<if Hunii- i-riiHtiii-i'Hii ; Ihn totiit IhivkntKH of iIu'hii IjonginytHl hvdH in iinmcniw 
oviT 20,000 fciit iiihI tlu'y iiirlimi nt 11 Ht['C[i iiiiftiK (6o'J In tliu wcBt-nortli- 
; tlii'y cxIcihI iih u niimnr utriii northwHnlHto U'yiHUlHIirpwiiIiury, where 
' " ' " '11 IlnuKhnioml Hitl: here, nn iit two or thruu 1 '' " ' " 
xiniiii oiuiiiiiTiuH uf liitnmi'n or niiiii-nil pitch nru of fniiuciit 
('KiHH-iiilly in thB iii'ifth1>oui-hiHKl of ititniHirc iiibhwh of Krcviuttouu. 

MiiATNiAN VoNMATtoM. With the Ktniln of this h|ii', Hie nnme of Hir K. I. 
Murcliisoti will vvtvr lie roiinrrlvit. In 1S31 ho Im^ii Ihu iitndy of theBu ohl 
riiolcH, tlii'ii trnniH^ " rthuwiii>Ili'," mid in tUmiiwhire liu HtiFiit much time Lie- 
twii'ii thnt viiLriind 1830, whi'n hlK((rwil work on "Tliu Hilnriiin Syatein" wbb 
tml.li»iiHl. ' 

T%r Lovrr UawlelUt linh or Aremij Hmkf. (iuimi wcotwiirds frum tliu 
liuiiKinyiHlH, sK itoxh 11 iiillty 
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Huniiiiit the 
rcinHrkitlilu nuiMivH uf iiiuirts- 
ili', III] iiltuniil mndHtuni' ; tliiH 
is the Sti])rr MtoiiiHiRiilftu: it 
cxtenilH from I'lHitcilmry, niiir 
HhniWHhnry, inn aH.W.diriK'- 
llon ti> Kinwl, iiu>r Itiiliuii'ii 
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and fomi Ihe eounlry nrouncl ami west of Shelve. Throughoat the Llandeilo 
HeTies, the mnny intentt ratified he<\» of lava nod Hsbes tell of ^reat voleanic 
Httivity during the period of their fonnatioa. Lead ore oceurs in reins which 
inteneet the rocks ; in 1S77 there were mised 6,634 ^""^ "^ '^^' "''^r wliich 
yielded 5,166 tons of lend and 5,874 ounces of silver, worth altogether aliout 
^84,086; of xinir ore, 561 tuns were raieed. valued at ^£^.192 : the Soailbeach 
mine also yielded 142 tons of fluor «pflr, valued at j^zi ; several miDeH also - 
yieldeil Ijarytes. 

In 1879 of lead ore 6,297 tons vere obtained, value<t at ^£64,170 ; and of 
zinc ore 439 tons, value £1,662. 

The Llandeilo Flags ate ohleflj composeil of grey ami black flag-stoueg nod 
Hhales. Their thickness is about 3,000 feel. They contain some fine trilobites 
snch as Ataphie IfiranitHa ntwl Oyyaia BaehU. 

The Caradoe {or Bala) Brd».—ThrBe beds are fonnd almost in the centre of 
Shropshire, havina; been brought up between Ihe great north-east and south- 
west faults to which ve hare Inifore alluded ; we can trace them from the 
Craven Arms up by Bagleath, Caer Camdoc &c. to near the Wreltin; thej 
contiist of alternations of shales and sandstones. At Horderley, thick beds ut 
freestone are seen, and Hoar Edge is formed of Caradoc grits. Good sections 
are exposed on- the l>anks of tlie Onny, near Craven Arms t^tatioo. Fossils 
are common, indeed some of the sandstones -contain so many that they are 
sufficiently calcareous to be humt for lime ; these are calle<l ''Jacob's Stones." 
Strophomina grandU is a charnct eristic shell. Shelly sandstones of Cnindoc 
ace also form a very small part of the north-west of the county near Llan-y- 
Blodwell, &c. 

Vjiper IMi«dor:ery Beds (or Hday Hill SaiiilsfoHe). — These consist of cooglo- 
merates and sandstones surmounted liv limestone bunds and purple shales, 
altogether almut Soo feet thick. I'he limestones are known as the 
"Pentamerus beds,'' from the frequent presence of the shells, Peatamtnu 
oblonguv, P. lens, P. Kaighlii, &c. Bocks of this age lie very unconformably 
on Caradoc sandstone, between Cardington and Cualbroohdale : the; fringe 
the south-east side of the Longmjnds, and also occur nortli-west of Shelve. 
There is a decided break at the haae of the 

(. ^. jr>>. -^ J L'pper Llandovery Beds, i.t. it is probable that s 
^^ fti W 5 * I pT"^"* '"■^"■"1 of time (represented by no deposits 
'^ i^fif B 4 ■ f '" '''''' "I'd) intervenes between them and all the 
1 1, Jfjk ^ flpJ 'J fo^i upon which they rest. Here then the line 
ji t I wt »^ f of division between the Upper and the Lower 
S (JI, I B~1 V,T Silurian Socks is drawn : at Ihis point too the 
A fj I 'V ■ t followers of Prof. Sedgwick would draw the base 
V ' ^ i S J'li-f' liueof the entire Silurian system, whilst Murchison 
1*"'* C'^-' lU and the Geological Survey would carry it down to 
the bottom of the Lingulu Flags ; the classification 
adopteil here is that of Sir Charles Lyell, which 
is a compromise between the other two. 
r part of this division consists of thick shales, 
containing irregular concretions of limestone 
(Wool hope limestone) near the base. Thejte 
Wenlock shafes f orm the western slope of Weulock 
Edge and the valley called Apes Dale: they are 
well exposed alonjt the banks of the Severn, near 
Coalbrookdale and Iron Bridge, where the^ are 
known as "We Earth," because they underlie the 
Coal-measures. The famous ridge called Wenlock 
rlsn Mill' ' •"I""'' Edge runs for 20 miles from s!e. to S.W. ; it is 
composed of Wenlock limestone, the mass of 
1 18 rather impure ami earthy, but here aiHl there great concretionary 
!S of good limestone called " ball-stones " or " wool-packs " occur : these 
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are sometimes of the diameter of 80 feet and are quarried out, leaving large 
cavities. At Bent hall Edge, orerlooking the Severn, fossils are very numerous, 
chiefly enerinites, corals and trilohites. Near Much Wenlock, the limestone is 
quamed to use as a flux for smelting iron. Of fossils, the "chain-coral,"* 
Nalysites catrrmlariHSj the trilohite Calymene BlumeMhackiif and the shell 
Slropkomena depresm are especially common. 

T%e LmUcw netLt. — The Lower Ludlow Beds are grey shales locally called 
*• mudst ones ;" they rest on the Wenlock Limestone: their thickness is con- 
siderable, at some points as much as 1,000 feet : they have yielded a remark- 
able fossil — the remains of a fish, named Ptercufpiis Bank»iij which was found 
at Church Hill near Leintwanline, by Mr. J. E. Lee, of Caerieon, in 1859: 
this is the oldest known vertebrate. Alcove these shales we get a thin bed of 
Aytne^irry LitneMt&nf, sometimes 50 feet thick: it contains a brachiopod shell, 
Pentamenu Knightii^ in great abundance. 

The Uffer Ludlow Beds are well exposed in the valley of the Teme, west of 
Ludlow : thev contain a wpU-known '* bone bed," a layer one or two inches 
thick, formed of a matted mass of ))ones, teeth and scales of fishes ; from its 
appearance it is also known as ** gingerbread ; '* it is well seen in Lndford 
Lane on the slopes of Whitdiflfe, and at Norton, all near Ludlow. 8hales 
ami flag-stones of Ludlow age occupy a considerable area in the south-west 
comer of Shropshire, circling round Clun and Clun Forest. 

Tub Old Red Saxdstoxe. — The junction of Silurian rocks with the Old 
Red Sandstone is well shown near Ludlow and also in the Linlev Brook, four 
miles north-west of Bridgnorth. Be<ls of sandstone cnWeiX Doumto^t Sandittones 
form the top of the Silurian formation, and are overlaid by a great thickness 
of re<l and green shales, flagstones, comstones, and sandstones, constituting 
the Lower Okl Red Sandstone ; these beds encircle the Clee Hills, and out- 
lying masses occupy aljout 100 square miles in the district of Clun; 
further north a small outlier forms the Forest of Hayes on the Long Moun- 
tain: the "comstones" are concretionary limestones, and these with the red 
shales (coloured by oxide of iron) form a rich and fertile soil : al>ove these 
come yellow and retl sandstones, which are quarried at Bouldon, Bitterlev 
Court, AMon, Ditton, and other places ; fossils are few, chiefly scales of such 
flshes as Cephalanput: it is considered that the strata of this age were de- 
posited in great freshwater lakes, the water of which was so charged with 
oxide of iron as to prevent, or at all events greatly check, the prevalence of 
animal life ; hence the scarcity of fossils. 

CARBOxinuouH F0RMAT105. — As a whole, the l)eds of this age form an 
irregular disconnected liand curving across the county from the north-west 
comer by Oswestry, Shrewsbury, and Coalbrookdale to the Forest of Wyre, 
and are divisible into four coal-flelds corresponding with these four 
localities. 

The Mountain or CarfHmi/er&ns Litneslone, which forms the natural l>ase of 
the whole formation, is well developed in the north-west only ; here it forms 
a fine ridge running south from Selattyn Hill for a1>ont eight miles, terminat- 
ing in Llao-y-mynech Hill : it is here a1>ont i,opo feet thick (containing veins 
of lead ore), and is overlaid by the representatives of the Voredaie liochi ami 
Millstone Grit, which together attain al)ont the same thickness : then come 
Coal-measurts between 2,000 and 3,000 feet thick, with seven workable seams 
of coal (total thickness 30 feet) ; there are also several Ijands of ironstone : 
a thin limestcme band called Spirorhis limestone, l>ecause it contains a small 
coiled-up shell of that name, is found nearly at the top. 

The Shrewsfmry Coal-field lies Wtween Haughmond Hill and A11>erbury, 
curving southwards ; another portion runs across from near Shrewsbury to 
Caer Caradoc Here Coal-measures rest on Cambrian and Silurian rocks ; the 
two or three coal-seams which occur are of little value : the Spirorhis lime- 
stone is found here ; it is seldom more than one foot in thickness, but is very 
persistent. 



226 GEOLOGY OF ENGLAND AND WALES, 

The Coalbrookdale Coal-field has a triangular form, vith its base on the 
.Severn and its apex at Newport : the Carboniferous limestone and Millstone 
grit are here thin ; the Coal-measures are 1,300 feet thick, with the Spirorbis 
limestone again at the top : there are six coal-seams above two feet in thick- 
ness, giving together 27 feet of coal: the western part of the coal-field is 
now nearly worked out, as is evidenced by the dismantled engine-houses and 
huge pit-l)anks which everywhere meet the eye : in 1870 there were raised 
1,343,300 tons of coal. 

• 7%c Forest of Wyre Coal Field is partly in Shropshire, acd is connected with 
that of Coalbrookdale by a narrow band of Coal-measures running west of and 
parallel to the Severn : in the main mass Upper Coal-measures only occur, and 
these rest on the Old Red Sandstone : the Spirorbis limestone is present, but 
the coal-seams are not of great value or importance. 

Two small outlying tracts of Coal-measures are perched on the summits of 
the Titt erst one and Brown Clee Hills at a height, m the latter case, of 1,780 
feet above the sea : they are each rather more than a mile in diameter, and 
are capped by a bed of basalt, to whose hardness they owe their preservation ; 
this basalt issued in a melted condition from a vent on the Titterstone Clee 
Hill. There are two or three small collieries here whose shafts pass through 
the basalt to the Coal-measures below. Thin representatives of the Millstone 
Grit and Carboniferous Limestone crop out on the eastern side of the Titter- 
stone Hill. Here, near Farlow, the passage beds from the Old Red Sandstone 
to the Carboniferous Limestone are seen in quarries ; they consist of yellow 
sandstones and pebble-beds, with fish teeth. 

The amount of coal raised in Shropshire in 1875 was 1,229,785 tons, from 
64 collieries; and in 1877,927,580 tons from 61 collieries; of ironstone 
(argillaceous carbonate) 270,733 tons were raised, valued at ;^l62,439 ; of oil 
shales 2,000 tons were obtained. A bed of red marl is used in the manu- 
facture of encaustic tiles. In 1879 the returns show a further falling off, 
only 854,380 tons of coal being raised, but of iron ore 300,391 tons were 
obtained. 

The Permian Formation. The beds known by this name were classed as a 
separate formation, and named by Sir Roderick Murchison in 1841 : they rest 
upon the Coal-measures, and form a similar band about two miles in width, 
which would be continuous but for the faults by which it is intersected ; the 
best sections occur in the Envillo and Bridgnorth districts ; they consist of 
purple and red sandstones and marls, about 1,500 feet thick, containing in the 
middle portion some remarkable beds of breccia -angular fragments of carboni- 
ferous limestone and Silurian rocks embedded in a calcareous matrix : at 
Alherbury, west of Shrewsbury, these breccia beds are 400 feet thick. Pro- 
fessor Ramsay considers that they represent glacial deposits, and so prove 
the existence of a Glacial Epoch in the Permian Period. Mr. D. C. Da^nes 
has described some red Permian sandstones near Ifton, which contain thin 
seams of coal. With the exception of a few plant-remains, fossils are 
wanting. 

The Trias.- -The north and east of Shropshire is a comparatively flat 
country formed of soft rocks : these belong to the Triassic series, which 
extend northwards to form the plain of Cheshire. Two divisions are dis- 
tinguishable in England in the Triassic series : — 

1. The Bunt er Beds. —T^hcae consist of mottled or variegated sandstones 
about 600 feet thick, with thick pebble l)eds in the central part : such rocks 
are finely exposed between Bridgnorth and Shifnal, where they form the 
picturesque ridges of Apley Terrace, Pendlestone Rock, Abbot's Castle Hill 
and Kinver Edge : sweeping westward from Shifnal they run north by Market 
Drayton, and curve round north and west to EUesmere. The pebbles consist 
of rolled quartzites. 

2. The Keuper Beds. — These have beds of breccia and conglomerate at thei 
base: then come sandstones, which are quarried for building purposes a 
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Grinshill, near Shrewsbury; they also form the Hawkstone Hills: the top of 
the Keuper consists of red marls of considerable thickness ; they extend from 
Whitchurch to Wem and thence round to Market Drayton. 

Ku.ETic Beds and Lias. — In the extreme north of Shropshire there is a well- 
known outlying patch of strata of this age : it is about 10 miles in length by 
4 in breadtn, and extends from Frees north-east into Cheshire : good sections 
are scarce, for the country is thickly covered with drift. The Hhsetic Beds 
are seen in a lane cutting and brook-course near Audlem mill ; they consist of 
buff marls surmounted by black paper-shales, containing Avicula contorta and 
other characteristic shells. The Liassic beds above are composed of blue 
clays with thin bands of limestone, containing Ammonites^ Gryphtsa incurva^ 
and numerous othei fossils. 

The Drift. — This is the term applied to the beds of clay, gravel, and sand, 
often of considerable thickness, which rest indiscriminately on the edges of 
the older rocks, and are, compared with them, of comparatively recent date : 
the north and east of Shropshire are thickly covered with drift of this nature : 
where best seen a triple division can be niade out, viz., lower and upper stiff 
brown or blue clays full of angular and rounded blocks of stone of all sizes 
(boulder clay), and an intermediate bed of sand and gravel. The upper and 
lower clays are believed to have been formed by ice during the last glacial 
period, whose probable date Dr. Croll fixes at a quarter-of-a-million years 
ago: icebergs coming from the north and north-east brought granite from 
Scotland and the lake district, with many other hard rocks and much mud, and 
dropped them, by the ice melting, in the localities where they are now found. 
The middle gravels and sands appear to have been formecj. during a mild 
interglacial period ; some deposits of white clay found in pockets in the Car- 
boniferous limestone of the north-west may be of pre-glacial age. Our know- 
ledge of these drift deposits is yet very incomplete : in Shropshire they contain 
shells and fragments of shells, and these should be diligently sought for. 
Old Oswestry Gravel-pit, Fox Hill field, near Lilleshall, Strethill, and indeed 
almost any gravel-pit or brickyard, will afford drift sections. Of the rock 
fragments in the drift many are of local origin ; some of chalk and fiint appear 
to have come from the eastward, whilst others must be referred to the hard 
Silurian and Carboniferous strata which lie on the Welsh border: their pre- 
sence tells us of a former subsidence of the land in this locality, when the sea 
washed through the " Straits of Malvern," and the estuary of the Dee was 
connected with that of the Severn. 

Later in formation than these glacial beds are the deposits of mud and 
gravel, which form the river-meadows or " hags " of the Severn and other 
streams. 

The Wealdmoors, between the Wrekin and Lilleshall, are, according to Miss 
Eyton, the fiUed-up bed of an old lake. 

Prehistoric Man in Shropshire. — Few traces of the early men to whom 
metals were unknown have been met with in this county : at Hardwick, roar 
Bishop's Castle, an axe-head was found made of basalt, and perforated for a 
handle ; its length is lOi^ inches, breadth 4^ inches, weight 8^ pounds : a 
bronze celt or axe-head 01 fine workmanship has been found in the peat beds 
of Wealdmoors. 
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The diversified surface of the county of Somerset, its hills and vales, plains 
and escarpments, winding ravines and bleak moorlands, are but the expression 
and the result of the varied nature of the rock-masses which underlie the soil, 
and which have determined, not only the scenery, but also the habits and em- 
ployments of tlie people, and the position of the towns and villages. 

It was the clear, definite, and compact arrani^ement of the rocks in the east 
of the county that led "William Smith, the ** Father of English Geology," as 
long ago as 1795, ^^ ^^^ ^^^^ *^^® strata were arranged in a definite order, bed 
upon bed, wliich was continuous over great distances ; and it was while engaged 
in tracing their extent, relations, and contents that he came to the conclusion 
that " strata could be identified by their fossil remains " — i.e. that certain 
species of fossils are peculiar to certain rock-beds, so that by the aid of the 
former we can identify the latter. 

In the long period that has since elapsed, the work of many men has given 
us minute and definite information about the rocks of Somersetshire ; the 
maps of the Geological Survey, wherein the extent of each formation is indi- 
cated by a separate colour, are most useful ; those of the centre and east of the 
county have recently been revised and improved, but the western district 
originally mapped by De la Beche, working as an amateur before the estab- 
lishment of the Survey of which he was the worthy chief, has been left until 
the publication of more accurate maps by the Ordnance Survey on the scale 
of six inches to a mile, shall permit the puzzling and intricate rocks of this 
region to be mapped in a thorough and decisive manner. Of other workers wo 
can mention but a few names ; Mr. H. B. "Woodward's Memoir on East 
Somerset and the Bristol Coal-field, gives in a masterly manner all that is 
known of that division, while as to the west of the county, the papers by Mr. 
Etheridge (Quart. Journ. Geol. Soc, vol. xxiii.) on the older rocks, and by 
Mr. Ussher (vol. xxxii.) on the Triassic strata, will bo most useful. 

In taking a brief review of the structure of Somersetshire, we note that the 
old or Palaeozoic rocks rise to the surface both in the north-east (Mendip 
Hills and Bristol Coal-field), and in the west (Quantock Hills, Exmoor, &c.). 
The rocks of these two areas are no doubt connected underground, though as 
to their precise relations there may be some doubt, and the great hollow so 
formed is overspread and filled up by newer rocks belonging to the Secondary 
or Mesozoic Period, which as a rule are much softer than the old rocks they 
lie upon, and so form lower ground ; they are not laid horizontally one upon 
the other, but have a general dip or inclination to the south and east, so that 
the lower or first-formed beds come to the surface or crop out along the shores 
of the Bristol Channel, and as we pass, say from Bridgwater to Yeovil, wo 
walk across the edges of beds of rock, continually advancing to upper and 
newer strata. 

Of altogether later date, in fact comparatively recent, are the beds of gravel, 
sand, peat, and mud, which at some points occupy considerable areas, and 
cover over and conceal the solid rocks lying beneath. 

In describing the rocks which form Somersetshire, we will speak first of 
those which can be seen to underlie or pass under all the others. These must 
be the lowest or first-formed, yet by reason of subsequent elevation and superior 
hardness, they may now constitute the highest ground. 

The Old Red Sandstone. — The most sterile portions of the Mendip Hills 
have a reddish stony soil, often wet and boggy. Where sections are visible we 
see coarse red and brown sandstones, often containing flakes of mica, mottled 
shales and reddish slaty clays, with beds of conglomerate formed of pebbles 
of quartz, jasper, ana slate embedded in a red sandy matrix ; the harder 
beds are worked for road metal and for building. In the Mendips these beds 
are arranged in an anticlinal curve, that is, bent like an inverted V, and dip- 
ping on one side to the north and on the other to the south, just like an 
ordinary roof, while the extension of the top or ridge is from west to east. 
From Little Elm, near "Whatloyjthe Old Rea Sandstone extends by Downhead 
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Common and Beacon Hill (where there are quarries) to Masberry Castle 
(height 979 feet) ; then after passing under carboniferous rocks it reappears 
at Pen Hill, North Hill, Egar Hill, and along the top of Black Down (1,067 
feet) ; there are small exposures near Ebber, Cheddar, Emborrow, and Wins- 
combe. We know of no organic remains from this formation in the Mendips. 

The Old Red is also exposed in the banks of the Avon about 2 miles 
north-west of Clifton, whence it stretches along Sandy Lane to Windmill 
Hill; it also forms Portishead Down. Scales of fishes named Coccosteus and 
Holoptychius have been found here. It has been usual to consider the Old 
Red Sandstone as formed in large inland seas or lakes, whose waters were 
charged with the oxide of iron, which has coloured the beds red. Its thickness 
in this region cannot be accurately ascertained, as its base is not reached, but 
it may be estimated at from 4,ocx> to 5,ocx) feet. 

Devonian Formation. — We have next to describe rocks which receive their 
name from their great development in the county of Devon, but which extend 
across the boundary, and form the north-west comer of Somersetshire, and the 
Quantock Hills. They are considered to occupy the same position in the 
geological scale as the Old Red Sandstone of which we have just been speak- 
ing, that is to say, they rest upon Silurian strata, while above them are Ckir- 
homferous rocks. But these Devonian beds differ greatly from the Old Red 
Sandstone ; they are mainly composed of slates, grits, and limestones, and 
their fossils, such as corals, crinoids, shells, trilobites, &c., conclusively prove 
them to have been deposited in the open sea. Hence the geologists of the 
last generation — Murchison, Sedgwick, Lonsdale, De la Beche, Phillips, and 
others — came to the conclusion (about 1840) that in these two great rock 
formations, we have a series of strata which were formed, roughly speaking, at 
or about the same time, but that the Old Red was deposited in great lakes or 
inland seas, while the Devonian rocks were being laid down in an open ocean. 
Hence in the Old Red we find remains of plants, fishes, and crustaceans such 
as would inhabit fresh water, while the Devonian fossils are all of a marine 
nature. In later years objections have been raised to this view, but before 
considering these we shall briefly describe the strata now generally included 
under the name Devonian. 

The Palaeozoic strata of North Devon and West Somerset form well- 
defined bands, running across the country from west to east. Looked at broadly 
they consist of alternations of sandstones and slates, the latter sometimes in- 
cluding beds of limestone. They have a southerly dip, and pass underneath 
the Culm-measures of the centre of Devon, rising to tne surface again in the 
south of that county. The lowest beds are the Foreland Sandstofies, coarse in 
texture and red or grey in colour ; they form elevated land at Porlock, Oare, 
and Culborne Hills,Grabbist Hill, and North Hill ; their general dip is seawards 
or to the north, but they roll over to the south, in which direction thev are 
overlaid by the Lynton Slates, grey and gritty, and about 1,500 feet thick ; 
these are exposed along the valley of the Lynn, and contain brachiopod shells, 
corals, crinoids, &c. Next come the Hangman (rrits, red and grey in colour, 
and 1,500 feet thick ; they form Croydon Hill, Lucott Hill, Dunkery Beacon 
(1,707 feet), and extend thence westwards by Black Barrow Down to the coast 
at Martinhoe and Trentishoe ; above these we have the Jlfracombe Beds, 
satiny slates with beds of limestone, altogether 4,000 feet thick ; these extend 
from Withycombe southwards to Nettlecombe, and then westwards by Lux- 
})orough and Exford to Ilfracombe ; the limestones are quarried for limebum- 
ing, and are rich in corals, polyzoa, and brachiopods. Then we have the Morte 
SkUes, quarried at Oakhampton, north of Wiveliscombe, and traceable thence 
by Exton to Morte Point ; they are grey fissile slates, traversed by a curious 
series of quartz veins, unfossiliferous, and about 3,000 feet thick. In the 
Brendon Hills these slaty beds contain valuable deposits of spathose iron ore 
(chalybite, or carbonate of iron) ; in 1877 the amount raised was 46,894 tons, 
valued at ;(f32,825. Over these lie the PickweU Down Sandstones, which 



SOMERSETSHIRE. 231 

resemble those of the Foreland, and are perhaps 3,000 feet thick; they contain 
hematite (peroxide of iron), but no fossils, and form a bold chain of hills run- 
ning, east and west from W iveliscombe to Dulverton and thence to the coast ; 
they are overlaid by the Baggy and Marwood Beds, chiefly slates, with some 
sandstones; the latter contain plant-remains, but a large shell {CucuUea) is 
common in the slates, j Lastly, the PUton Beds are grey slates, shales, and 
grits, with some irregular limestone beds ; from Bathealton, Stawloy, &c., 
they stretch westwards past Brushford Anstey and MoUand; they have 
yielded trilobites (Pkacops IcUifrons), shells, &c. 

The Devonian rocks of the Quantock Hills are separated from the main 
mass which forms Exmoor bv a valley running from Taunton to Sampford 
Brett, in which Triassic beds hide the relations of the old rocks : a great fault 
or contortion must run along this valley, for the strike of the Quantock 
Devonians is nearly north and south, or at right angles to that of the Exmoor 
rocks. Red grits, probably of the Hangman series, form the north-west 
portion of the Quantocks, and these are overlaid to the east by the Ilfracombe 
series, whose limestone beds are worked at the Ashholt, Adscombe, and 
Stowey quarries; they take a high polish, and have been used by Lord 
Taunton m the construction of his mansion at Adscombe. 

The late Professor Beete Jukes believed that all the above rocks which we have 
been describing as the Devonian Formation were not really the equivalents in 
time of the Old Red Sandstone (to which, however, he believed the Foreland 
sandstones to belong), but were the base and part of the Carboniferous For- 
mation: he thought, moreover, that the Pickwell Down sandstones were a 
repetition by means of a fault, with a downthrow to the north, of the Foreland 
sandstones. His views at the time they were promulgated (1866) met with 
little acceptance, but lately there appears to have been a disposition to 
consider the question as siib judice. When the publication of the six-inch 
maps allows a minute examination of the country by the Geological Survey, 
the dispute will probably be finally settled. 

Carboniferous Formation. — The succession of rocks above the Old Red 
Sandstone is finely shown in the gorge of the Avon at Clifton. First we see 
the Lower Limestone Shales, 500 feet thick, with many fossils, especially in the 
'* Bone-bed," a reddish conglomerate, 6 inches in thickness, which occurs near 
the base. Next comes the Carboniferous, or Mountain Limestone, 2,600 feet, a 
tough, semi-crystalline greyish limestone, containing chert (impure flint) and 
veins filled with calc-spar; remains of crinoids (sea-lilies), corals, and 
brachiopod shells are numerous : this rock bums to an excellent white lime, 
and is also used for building and as road-metal ; the upper 600 feet is shaly. 
Nearer still to Bristol we find the Millstone Chrit, usually a hard, close-grained 
grit, or quartzite, known to miners as the *' Farewell Rock," because it under- 
lies the Coal-measures. It has been largely quarried for building purposes in 
the neighbourhood of Clifton and Bristol. 

The Mountain Limestone, with its Upper and Lower Shales, passes south 
and west from Clifton by Leigh Down to Clevedon, and thence north-east to 
Portishead. Dipping to the south, the limestone passes under later^formed 
rocks, and rises up again to form the main mass of the Mendip Hills, ex- 
tending from Swallow Cliff, Worle Hill, and Brean Down on the coast nearly 
due east for 30 miles to Frome. The mass which forms Broadfield Down 
connects the Mendips with the Clifton area: the two little exposures at 
Luckington and Vobster have been brought to the surface by a combination of 
"nips" and faults. In the Mendips the Carboniferous Limestone rests con- 
formably on the Old Red Sandstone, dipping with it on one side to the north 
and on the other to the south, thus forming an anticlinal curve, the top of 
which however has been worn away by the denuding agencies of rain, frost, 
ice, &c. The scenery of this district is well known ; it is bare, bleak, and 
rugged, with a thin red soil, on which turnips are sometimes grown, but 
which is mostly in pasturage for sheep. Caverns are numerous, as at Cheddar, 
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Banwell, and Wookej, Hnd have bepn formed Iiy the porcoLiIion of rain-water. 
"" \a ami picturesque ravines, of which ihoae at Cheddar and Ebl.er 

i probalily formed by the falling in of the roofs of such 
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Canninfflim Par*.— There has been much dispute as t 
outcrop of limestone at this point, 4 miles nurth-wesi 
Elheridge considers it to belong to the Di'vonian s< 
obBervers, including Messrs. H. B. Woodward, Brial 
Champcruowne, &c., would class it with the Carboniferi 
a greyrsh-blue lint, and is frequently oolitic; it is ct 
Devonian grits, which lie sonth of it. 

The islets callwl the Steep Holme and the Flat Holme, which li 
British Channel, are entirely composed of the Uonntain Limestone. 

Ores of lead and zinc are of frequent occurrence in tlie Carboniferous Lim'>- 
stonc of the Mendips, and have been worked from, and even before, the time 
of the Romans. At jiresent the operations are almost confined to eitraclinff 
lead from the refuse left by the earlier miners: in 1877 there were obtained 
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452 tons of lead ore, yielding 153 tons of lead and 1,555 o™- of silver, of the 
total value of j£3.5l4. 

The Coal-meaeuTee of Somerset lie in three distinct tracts between Biiatol 
and the Mendip Hills: two of them are of very sioall extent, and may be 
dismissed with a few words. (l.) The coal-tract of Claj/toii-iit-GtirdaHO passes 
northwards past Porlishead, and has lately heen found to extend beneath the 
bed of the Severn from Denny Ldand to Old Passage and Berkeley ; (2.) the 
yailtea Batin is a similar area, lying south-east of Clevedon. 

(3.) The KaMock Badn.—TYx Coal-measures of thisdistrict are as much an 
6,000 or (according to Mr. McMurtrie) 8,000 feet in thickness: of this (he 
Lower Coal-measures, consisting of shales, sandstones, and z6 seama of coal, 
iUclude 2,500 feet ; the middle member is the PeHimnt Grit, a reddish sand- 
stone, 1,000 feet thick; while the Upper Coal-measures resemble the lower 
series, with 16 coal-seams, and a thickness of 2,000 feet. All the beds contain 
plant remains, such as fema, gigantic club-mossea called SigiUaria and 
LepidodendroK, a great reed (the Gilamite), &,c., with some bivalve shells 
probably of freah-water species, called AnlhTacoaia, all indicating that the 
Coat-measurea were deposited in and upon swamps and marshes, lying near 
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and little above the level of the sea, in an area which was undergoing slow 
depression. 

The Coal-measures only occupy the surface over a small area in the centre 
of the basin round Compton Bando, Publow, Pensford, Glutton, and Hal- 
latrow ; in the south they crop out in the Nettlebridge Valley east and west 
of Coleford, and to the north they also rise to the surface in the neighbour- 
hood of Brislington. Everywhere else they are overlaid and concealed by 
newer (secondary) rocks, but the extent of the coal-seams underground is 
pretty well known : a line drawn from Bath to Frome would be near the 
eastern limit, for borings at Combe Hay and at Foxcote came upon coal- 
measures dipping westwards: in the other direction it is possible that the 
beds extend past Chew Stoke and south of Wrington, connecting with the 
Nailsea coal-field. The district just on the north side of the Mendips is 
greatly disturbed and faulted ; some of the beds are bent into such curves 
that the same seam is passed through two, or even three, times by the colliery 
shafts : there is a " slide fault," too, by which the beds have been displaced 
laterally. 

There appears every probability that a buried coal-field exists south of the 
Mendips, at a depth of from 1,000 to 1.200 feet. The various borings which 
have been made at Compton Dundon (depth 519 feet). Chard, High Ham near 
Langport, &c., have all been discontinued at depths which gave no chance of 
solving the question. 

In 1877 there were 41 collieries in Somersetshire: of these 8 were in 
the Nettlebridge district, 13 roimd Radstock, 16 near Paulton, 3 at Nailsea, 
and I at Twerton, near Bath. The amount of coal raised was 666,500 tons ; 
of iron-ore from the Coal-measures 1,522 tons were raised, valued at £91$. 

The coals of the Nettlebridge Valley are especially good for smiths' or 
coking coal : the Upper Coal-measures at Radstock and Farrington furnish 
good household coals, seams as thin as I foot being worked ; the coal of 
Ashton Vale, near Bristol, is very valuable for iron-smelting. The deepest 
workings are at Bitton, in the Golden Valley (1,920 feet), and at Braysdown, 
near Radstock ( i , 740 f eet ). 

Permian Formation. — No strata of this age have been certainly identified in 
Somersetshire. In fact, this region was probably dry land when the Permian 
beds of the central and northern parts of England were being deposited. 

Igneous Rocks.— As these are in this district entirely confined to the older 
or PaUeozoic rocks, they may fittingly be described here at the close of that 
period. 

At Downhead Common, on the Mendips, near Shepton Mallet, Mr. C. 
Moore detected, in 1867, an outcrop of a grey rock, which Mr. Rutley pro- 
nounces to be a felstone ; at Stoke Lane, not far off, there is some Pitchstone 
Porphyry. In the railway cutting at Uphill a pinkish-brown earthy rock is 
exposed, which is a dolerite. At Wrington Warren, 8 miles south-west 
of Bristol, there are small exposures in Cross Comb and Cleve Comb of a 
volcanic breccia, and of decomposed basalt. In the Devonian beds near Ads- 
combe, on the Quantock Hills, there is a large mass of pale-green porphyritic 
felstone. All these igneous rocks were forced up from below in a melted 
state ; they have disturbed and altered (baked) the sedimentary strata in 
which they intrude. 

Secondary or Mesozoic Formations. — All the rocks we have hitherto 
described rest conformably (i.e. are parallel) one upon the other, and they 
appear gradually to pass one into the other. But a great time-interval 
elapsed after the deposition of the Coal-measures before the formation of 
the newer rocks we have next to describe. In this interval great earth- 
movements took place ; the Mendip hills, for instance, were upheaved, and the 
Coal-measures to a depth of several thousands of feet worn off their tops, 
before the first of the secondary strata were deposited on the irregular surface 
of denudation which result e<l. 
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TnE Teias. — The Triassic strata form " red ground,'* being coloured by 
peroxide of iron; they contain deposits of gypsum, celestine, and other 
minerals, but very few fossils, from which it has been inferred that they 
were deposited in extensive salt lakes. Commencing in the west, Mr. Ussher 
has made out the following divisions in the country between Wiveliscombe 
and Taunton : (i) Lower Sandstone and Breccia 1,000 feet ; (2) Lower Marls, 
600 feet ; (3) Conglomerates, 100 feet ; (4) Upper Sandstone, 530 feet ; (5) Upper 
Marls, 1,350 feet ; total, 3,580 feet. This is possi))ly an overestimate, but if 
we take off 1,000 feet we still have left a very considerable thickness. These red 
beds occupy the valley east of Porlock, and thence between the Brendon and 
Quant ock Hills ; then they stretch widely between Milverton, Wellington, and 
Taunton. As we follow the Trias eastwards we find its thickness diminish. 
In Mid-Somerset, from East Quantockshead by Stowey to Bridgwater and Lang- 
port, the lower beds are wanting; then north of the Polden Hills between 
Shepton Mallet, Wells, and Cheddar, we have the Upper Conglomerates and 
Marls only, while north of the Mendips even these become very thin. All 
this points to the fact that deposition first took place in the west, the area 
there being below sea-level, while the region north of the Mendips still 
formed dry land. 

The lower sandstone beds of the west may represent the Bunter Beds, and 
certain calcareous bands at their top, well seen near Watchet, hare been 
supposed by Mr. Blake to be of the age of the Muschdkalk, a limestone which 
is well known in Germany, but has not hitherto been detected in England. 
All the Upper >Iarls belong to the division of the Trias called the 
Keuper. 

The Ddomiiic Conglomerate. — Clinging to the flanks of the Mendip Hills, of 
Broadfield Down, and of the Downs west of Bristol, we find an old beach 
deposit of Keuper age consisting mainly of angular pebbles of Carboniferous 
Limestone cemented tc^ether by the carbonates of lime and magnesia ; its 
thickness is seldom above 30 feet. Many towns and villages stand on this 
rock, as Croscombe, Wells, Westbury, Cheddar, Shipham, Blagdon, East 
Harptree, Wrington, and Winford. Ores of lead (galena) and zinc (calamine) 
occur in the dolomitic conglomerate, and have been largely worked in the 
past : agates are of common occurrence, and " potato-stones," which are 
hollow masses lined inside with crystals of either calcite or quartz. 

The Keuper Red Maris are only some 200 feet thick north of the Mendips, 
but south of that range they rapidly thicken : near Glastonbury they may be 
400 feet, at Compton Dundon 800 feet, while on the borders of Devcm we 
have seen that Mr. Ussher estimates their thickness at no less than 1,350 feet. 
These Marls are red, green, and grey in colour ; many orchards stand on them, 
and teazles, turnips, ^id potatoes do well ; but there is also much pasture- 
land. Formerly these beds were lai^ly dug ami used as manure, but this 
custom has now ceased, except where the soil is very sandy ; the numerous 
large pits or " marly-holes ** attest its former prevalence. 

The Kh^etic or Pexarto Beds. — These occupy a larger surface area in 
Somerset than in any other county. Everywhere they are seen to form the 
connecting link between the Tr^^sic and Liassic Formations. They consist of 
(i) buff, or tea-green marls, (2) black shales, and (3) white earthy limestones 
known as the White Lias. They usually contain one or two thin layers of 
sandstone crowded with the remains of fishes and reptiles, and known as bone- 
beds ; their extreme thickness is only 150 feet, and often does not exceed (Mie- 
third of this amount ; the top bed of all is a hard, fine-grained, whitish lime- 
stone 6 to 18 inches in thickness, called the "Sun-l)ed," or "Jew-stone.** The 
Cotham Marble, or Landscape Limestone is a hard bed of limestone which 
occurs at the top of the black shales ; its tree-like markings are due to an 
infiltration of oxides of manganese and iron. 

The Hhaetic beds are finely exposed on the coast at Watchet, where in the 
grey marls Professor Boyd Dawkins found a tooth of MicrcUstss RhesticHSy 
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the oldest known mammal ; it was apparently a small insect-eating 
marsupial. 

The outcrop of the Khsetic beds is so irregular, and the sections so nume- 
rous, that we can only enumerate here a few of the best exposures, as those 
between Newton St. Loe and Saltford, near Winford, Stanton'Drew, Camerton, 
and Midsummer Norton, all north of the Mendips ; in the railway cutting 
one mile west of Shepton Mallet, near Croscombe, Wells, Yarley Twhere the 
White Lias is quarried), Wedmore, along the south flank of the Polden Hills, 
and then south-west by High Ham and Langport towards the Blackdown Hills 
by whose beds the Rhsetics are overlapped; 150 species of fossils have been 
obtained from this formation, Avictda contorta and Pecten Valonienais are the 
most characteristic shells. From Assures in the Mountain Limestone at 
Holwell, near Frome, Mr. C. Moore has obtained a great number of fossils 
apparently of Rhaetic and Triassic age ; of one small fish alone (Lopkodtis) Mr. 
Moore obtained 70,000 teeth. These specimens now form part of the Mooro 
collection in the Bath Museum. 

The Lias. — This is in the main a clay formation. In Somerset the Lower 
Lias does not exceed 300 feet in thickness : it contains numerous bands of lime- 
stone at its base. The Middle Lias consists of sands and clays, with the 
*' Rock-bed," or Marlstone (a tough irony limestone) on top ; it varies from 2 
or 3 to 100 feet in thickness : the Upper Lias is a clay deposit not more than 
8 or 10 feet thick. 

The Lower Lias occupies much ground in the centre of the county, from 
the woodeddistrictof Ashill Forest, west of Ilminster, eastwards to Somerton, 
Sparkford, Evercreech, and Shepton Mallet; also round Dundry Hill, and 

a 




Fif(. 72.— Section of Brrnt Knoll, Somf raet (by H. B. Woodward, Qeol. Survey). 
a Cephalopoda Bed. b Midtord Sand. c Upper Lias. d Middle Lias. e Lower Lias. 

between Bath and the Mendips. The limestone is largely worked at Street 
and Keinton Mandeville ; at the former place some magnificent specimens of 
those great extinct reptiles, the Ichthyosaurus and the Plesiosaurus, have been 
obtained. At Chewton Mendip and East Harptree peculiar cherty and 
sandy beds of Lower Lias and Rhsetics occur ; they are about 30 feet thick, and 
contains numerous fossils. 

The Middle Lias occurs round Ilminster, South Petherton, north of Yeovil, 
and at Trent. From this point its outcrop is very narrow, and north of 
Batcomb it is so thin (a few feet only) as not to be shown on the Survey 
maps. Mr. Moore has obtained 183 species of fossils from the Marlstone of 
Ilminster, including wood, crustaceans, shells, reptiles, and fishes. 

The Upper Lias is very thin and scarcely traceable. It includes a nodular 
bed called the " Fish and Insect Limestone," which has yielded many rare and 
perfect fossils. 

The Oolite. — The oolite strata form a ridge, escarpment, or line of hills 
bounding Somersetshire on the south-east and east. The term oolite (oon, an 
e^ ; lithoSt stone) is derived from the structure of some of the limestones 
which are composed of rounded grains, like the roe of a fish. The lowest 
member is the Midford Sands : these are named after the little village of 
Midford, 3 miles south of Bath: they can be traced from this point 
southwards to Dunkerton, but are wanting from this point to Doulting, whence 
they are traced past Castle Gary, Yeovil, and Hinton St. George, to Cricket 
Maiherbe ; they cap Glastonbury Tor (500 feet above sea-level) and Brent 
Knoll; their thickness is from 50 to 150 feet, and they form a fertile soil, 
whilst many springs issue at their junction with the clayey beds of the lias 
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Iienenlh. The fossils of Ihe Miilford Sanda Licliide both liitfiBic and oolitic 
forms, and are especially nHmeroiiB in a litinil of brown irnn-shot mtiiiy 
limeHtone called ihe " Cephalopoda Bed." wliich lien on the lop of the yellow 
sanda. AmonK other fossrlo. Uht/ackunella eyaoeephala and Ammonitet Broeekii 
may be named, (i&e &ff. 72), 

Jnffrior Ooi/ie.— This ia A baff-CoU.mred oolitic limestone. It, is eiposad on 
Ihe hill-sidsH in Ihe neitthtioiirlionl of Tbilh. and an outlying maits foiina the 
lop of I>u miry Hill(76S feet.).\i'hicli, inilced. owes its eminence to the preaencf 
of ihiFi bard, weai^i'esifitinK sfnne; tile qnarriea here yield great numben of 
well-preserved foKsils, including some beantiful corals: its thickness here is 
50 feet. Near Frome the Inferior Oolite reelH on the Mountain Limestone; 
HOUlh of the Mendipa it forma hilly ground, and yields eieellent building- 
Klone, as in the well-known quarries at Doulting, Bruton. Ham Hill. Mtlborae 
Port, &C. ; near Crewkerne it is broken up by many faults. Wells Cathedral 
nnd GlasConbui? Abbey were built of the beautiful freestone from Doulting.- 

Fuitenf iCarlk—Thia is a blue and yellow clay, with a nodular band of 
—the Fullers' Earth Rock —about the middle. Formerly it was 







largely dug and UHcd for fulling at the Cloth Mills at Frome, We can trace 
it. round the hills near Bath, and aouthwards by Frome, and east of Batcombe 
and Bruton to Bratton and Purse Caumlle. Its widest outcrop is east of 
Crewkerne and Haselbury. It has yielded 93 species of fosNils. including 
Otirea acuminata. 

_ Tke Great or Bath Oolite is <x well-known, yellowish-white oolitic or shelly 
limestone, which forms the top of Ihe hills round Bath, asLansdown (813 feet 
above sea-level), Bathampton. Clavertun Down. Odd Don-n, &c. ; it cannot be 
traced more than 5 miles south of Brtth, It is lareely quarried for iiuildinR 
purposes, the atone from Cam1>c Down beinf( considered to possess the best 
weathering qualities, while Farley Down yields a finer quality, better adapted 
for interior work. 

JSe Bradford, (Hay is a pale-grey clay (30 or 40 feet thick), containing a 
well-known fossil, thv "VvnT i;ni:r\n.\iB (A^otrinilft rotnndtie) ; at Charter- 
house Hinlon, south-east of Bath* it is seen to underlie the Fortft Marble. 
Thia latter deposit consist of flaggy limestones, with beds of clay and gril. 
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It extends southward from Norton St. Philip past Frome, Wanstrow, Holtoo, 
and further south forms the ridge called Birls Hill and AblK)t*s Hill, which 
form part of the county boundary. The soil is poor, but capable of great 
improvement by drainage and cultivation (Buckman). 

The Combrash enters the county at Road and Woolverton, thence it passes 
south by Marston Bigot, Upton Noble, Wincanton, and Horsington to Hen- 
stridge ; it terminates at Closeworth and Hardington. It is an earthy lime- 
stone, about 40 feet thick, on which corn grows well. 

The Oxford Clay, which comes next, forms a tract of low damp ground, 2 
or 3 miles wide, from Berkley to Longleat "Woods, Wit ham Park, Brewham, 
and along the valley of the Cale. It is 300 feet thick, and contains bituminous 
shales, which have led to trials for coal at Brewham and other places. 

Coral Rag. — This only crops out at Stoke Trister and Cucklington east of 
Wincanton ; it is surmount^ by the Kimmeridge Clay, which occupies a 
narrow strip along the hill-sides west of Maiden Bradley and Alfred's Tower. 

Cretaceous Formation. — In the east of Somerset the Upper Greenland 
(150 feet thick) forms the line of hills on which stands Alfred's Tower (8cx)feet 
above sea-level) ; it is a green or grey sand, with beds of sandstone and 
masses of chert. At Penzlewood are great numbers of disused pits, where 
the Greensand was worked for scythe-stones. The Chalk rises at Long- 
Knoll, near Maiden Bradley, to a height of 948 feet. The Cretaceous beds 
of this tract are cut off abruptly on the south, by an east and west fault 
through Mere. 

In the south of Somerset the Upper Greensand forms the Blackdown Hills 
(height from 600 to 850 feet), and it extends eastward to Combe St. Nicholas, 
Chard, and Cricket St. Thomas. The bottom beds here may represent the 
Gault. Outlying masses of White Chalk occur above the three last-named 
places. At Snowdown, near Chard, there is a line section of the Chloritie 
Marl, a bed of yellow chalky marl with green grains and phosphatic nodules ; 
it has yielded many fossils, including Hotaster sub-globosus (a sea-urchin), and 
Ammonites varians. 

Post-Pliocene or Surface Deposits. — These include the beds of gravel, 
brick-earth, silt, and peat, which occupy a lai^e area in the centre and north 
of the county, as in the North and South Marshes, Bumham and Huntspill 
Levels, Sedgemoor, and the vale of Hchester. The waters of the Bristol 
Channel extended over these districts at no very remote era — geologically 
speaking; but it is calculated that at any given moment the waters of the 
estuary of the Severn contain 700,cxx)tons of mud held in suspension, and the 
sediment so deposited formed banks, partly shutting out the sea, while 
rivers — the Yeo, Axe, Brue, Parrett, &c. — brought down more mud from the 
interior: mosses and sedges grew so thickly in the marshes as to form beds of 
peat, in places 15 feet thick. At Burtle there are beds of sand containing- 
marine shells ; thus about the commencement of the Christian era such places 
as Glastonbury, Brent Knoll, Wedmore, and Pawlet stood as islands in the 
middle of great bc^ and marshes, presenting, indeed, a great similarity to the 
fen country of Lincolnshire : the Romans built sea-banks, which have been 
kept up ever since, and by drainage and cultivation a great tract of land has 
been rendered habitable. 

Raised beaches are seen at Beam Cove, north of Weston-super-Mare, and at 
Woodspring, indicating an elevation of land there to an extent of 20 or 30 
feet ; the submei^ed forest seen in Bridgewater Bay tells, on the other hand, 
a tale of depression. In the gravels which border the existing rivers, bones 
of mammals are of frequent occurrence. Hills of blown sand occur at several 
points on the coast. From the slime of the River Parret, near Bridgewater, 
the well-known Bath bricks are made ; they are named after the person who 
discovered how to make them, a certain Mr. Bath of Bridgewater. 

Prehistoric Man in Somerset. — Perhaps the earliest relics of man in this 
county are the tools of flint, chert, and bone found in the so-called Hyaena 
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Den at Wookey Hole, near Wells, which was ably explored by Professor 
Boyd Dawkins, between 1859 and 1863 ; these were associated with numerous 
bones of the hyaena, cave-bear, mammoth, stag, &c. 

Little Solsbury Hill, near Bath, seems to have been the site of an ancient 
encampment of the early races to whom metals were unknown. Here Mr. 
Evans found flint flakes, scrapers, arrow-heads, and cores, with quartz pebbles 
which had been used as hammers ; a flint saw, with numerous flakes and some 
scrapers, was found by Mr. Flower in a barrow (burial-place) at West Cran- 
more ; Professor Buckman has an arrow-head found at Barwick, and one is 
also recorded from Ham Hill, near Ilchester. 
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JVops. Quarter-sheets : 54 N.W. Kidderminster, Bromsgrove : 55 
N.E. Stourport, Bewdley, Forest of Wyre ; 61 N.E. Wellington, 
Shifnal, Coalbrookdale ; 61 S.E. Much Wenlock, Bridgenorth ; 62 N.E. 
Lichfield, Tamworth ; 62 N.W. Cannock Chase ; 62 S.E. Surton 
Coldfield, Birmingham, Coleshill ; 62 S.W.Wolverhampton, Walsall. Dudley ; 
63 N.W. Ashby-de-la-Zouch ; 71 S.W. Castle Donington, DM)V ; 72 N.W. 
Hanley, Stoke-upon-Trent ; 72 N.E. Ashboum ; 72 S.W. Stafford, Stor.o ; 72 
S.E. Burton-on-Trent, Tutbury ; 73 N.E. Nantwich ; 73 S.E. Market Drayton. 
Eccleshall; 81 S.E. Buxton, Bakewell, Winster; 81 S.W. Macclesfield. 

Books. — Geology of the Country round Stockport, Macclesfield, Congleton, 
and Leek, by Hull and Green, 4s. ; South Staffordshire Coal-field, by J. B. 
Jukes, 3s. 6d. ; Triassic and Permian Rocks of the Midland Counties. E. 
Hull, 5s. 

Important Works or Papers on Local Geology. 

1858. Hawkes, W.-- Experiment on Melting and Cooling the Rowley Rag. 

Joum. Geol. Soc., vol. xv. p. 105. 
1862. Lister, Rev. W. Drift containing Recent Shells, near Wolverhampton. 

Joum. Geol. Soc, vol. xviii. p. 159. 
1864. Green, A. H., and E. Hull. — Millstone Grit of North Staffordshire. 

Joum. Geol. Soc., vol. xx. p. 242. 
879. Twigg, G. H., and Beale, C. — Drift near Walsall. Midland Naturalist, 

vol. ii. pp. 201, 226. 

1880. Bonney, Prof. T. G. — Pebbles in Bunter Beds. Geol. Mag., p. 404. 

1881. Scudder, S. H. — British Carboniferous Insects. Geol. Mag., p. 293. 

See also General Lists, p. xxv. 

The rocks of Staffordshire are very varied in age and mineralogical com- 
position. The district, in fact, forms a passage ground between the wild and 
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pictoivsque hills foand fnrther ro the «esl id the old rorka of Wales, and ihd 
softer newer fomiattOTU Thkh ronstitnte the pUliu and gentle slopes of tiin 
eastern and soathem mHinties of EniUnJ: it cootnins strdtH represental ire of 
both rhese region*, dnl in theCual-meH^nre!, which liebelireen, it has a soured 
of miDersl wealth vhifh is pecntiHrlv its own. 

The Geolozical Surver offircrs hare mrefolly cxaiaiDed the whole of tti' 
«Onnlv. and their pnblisheil mapf. seftiona, and memoirs contain a fond of 
informatioD relative to it whiL'hwill l>e founl of the highest ralue to crerf 




one interested in the soKject. The Geolocit-al Soi-ietj- of Dndler. and the 
North Staffordshire Nalnral Historr Sorietr. at Hanlej. have also doae gooil 
local work. There are abstracts of some good papers in the Keport of the 
British Association Meeting at Biiminttham. in l£65, and id the Joanis! of 
the Geological Scciet v i 1-ut the cootrilml ions lo the latter are hardly ao iat- 
portact as mighi luive been expelled from a dislriet which contaiDs so manj 
■^ ptHct ical men."* 

In describing the rock-beds we shall begin with lboa« of oldest date. And 
giadnallj work ourwa}; upwards, reserving to (he last the beds of cImj, 
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gravel, &c., which are Hcattered higgle<ly-pifl^Iedy orer the edi^es of underlying 
rock-niasBcs, and which are known aw the Drift. 

Silurian Kocks. -The oldest strata in the county are shales and limestones 
of Upper Silurian age : thene form the l)asis on which the Coal-measures rest, 
and they crop out and (x;cupy the surface in fire localities within the county, 
and at two |>ointH just outside its southern lK>rder. 

The lowest 1)c<ls are to be seen on the south-east of Hay Head, near Oroat 
Barr, where the Llandovery Sandstone crops out : it is here very fossiliferous ; 
but in the Lickey Hills, between Birmingnam and Bromsffrove, the same be<l 
has been changeil by hint into a compact quartzite, in which few fossils arv 
discernible. This IimI is known as the Llandovery Sandstone, because it in 
best seen near the little Welsh town of that name. 

The liarr (or Hay Head) lAmeetcne is the same bed as that at Woolhope, in 
Herefordshire : it is a rainable band, yielding an excellent hydraulic cemenc. 
and, from the small peresntage c/l phosphorus which it contains, is espf^cially 
adapted as a fiiix for ironstone. At the oat^sropit has been so long worked hj< 
to be eximusted, but there sssmsno reason why it should not be largely got by 
underground workings. This limestone dips to the west about 10 degrees, 
in which direction it is ortrlaid by a mass of shales, perhaps 800 feet thick, 
which (M*cupy the surfiute for a cfistance of 2 miles to the westward, and ar» 
known, geologically, as the Wenlock HhaUe; they are finely ex{K)sed in the 
new railway cutting at Walsall. At one or two lociilitios, as the " Five 
Jjanes," near Walsall, fossils are rather plentiful, chiefly trilobites, as Phacovs 
caudatiut, and such b?achiopod shells as Ohokus and HtrcxDhomaia. 

The Dudley {or Wenlook) Limestone overlies the shales just mentiimcd: it 
consists of two well-marked Ijands, separatecl by about 100 feet of shales. 
These run from Daw End, past Walsall, and then, dipping under the Coal- 
measures, thay continue by Darlaston and Wodnenlmry, whero they are 
worked by shafts, in a south-west erlv direction, till t!iey are again brought 
Ml) J forming the dome-shaped masses known as Dudley Castle and the Wren s 
>ie»t, whilst farther west they again rise to the surface at HurMt Hill. The 
upper or thin bed is mostly got for fluxing purposes, the lower thick Imnd 
being burnt for agricultural and building onenitions. PerlmpH no other 
district has such a variety of flne Upper Silurian fossils as the neighbour- 
hood of Dudley ; shells, corals, encrinites,and trilobites are found in a state uf 
perfection such as no other locality in Britain exhibits. Calymme iSlumfitiharhit, 
the " Dudley Locust " as it is locallpr called, is the cominonest trilobite, 
but altogether several hundred s|jecies liave been found, illustmted by 
thousands of specimens. (See fig. 74.) 

The Sedgky (or Aymesiry) Limestone. — This is divided from the Dudley lime- 
stone by a grsat thickness of sliales, perhaps as much as 1,000 feet. The 
limestone is a dark brown noduUr Ixind, some 25 feet thick, which crops out 
at Sedffley Bsaeon, at Turner s Hill, near J/jwer Gomal, and at the Hayes, near 
Lye Waste, about 2 miles eant of Stourbridge. When burnt it prcxluces li 
dark-coloured lime, bxsally calle<l the "Black Lime," and makes excellent 
mortar. Shells are frequent, a large bivalve, Penfamerits Knightii, being 
especially characteristic. Altcjgether, then, the Silurian rocks (M!cupy a few 
detached patches only at the surface in this county, the tops of the anti- 
clinals standing up amid the Coal-measures by reason of their superior hanl- 
ness, which has enabled them to resist denudation better. But underground 
they form the foundation on which tiie Cofil-measures rest, and southwards, 
about Wassell Grove and Manor Farm, they rise, forming an underground 
ridge against which the coal-*«eams abut, thus terminating the ccml-fleld in 
that direct icm. This ridge proliablv formed part of an ancient land Uirrier, 
which stretched across Central Kngland in Devonian and early Carbonifenius 
times, and which consequently accounts for the absence of r(x;ks of those ages 
in South Staffordshire. 

Tub C.iKBO.iiirKRocs Fobmatio.x. - It is only in the north-east comer of the 
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county that we find the Mountain I/imestone, which usually forms the hase of 
the Oarboniferous system: it is, in fact, an extension westwards, across 
the I>OTe, of that thick mass of rock which occupies so much of Derbyshire ; 
Slid it retains all its ciiaracteristies — smoothly-topped hills covered with 
greensward, deep ravines, and underground wateroourses, such as those through 
which the little river Manifold winds its wa^ — altogether formiiM^ a com- 
paratively wild and unfrequented regioD. Veins of copper and lead occur at 
Ecton, near Warslow, which in 1S74 yielded 55 cwt. <k lead ore, valued at 
;£ 32, and 10 cwt. of copper ore, valued at £2 ; but these are not now worked. 
Ihere is a small inlier of Mountain Limestone at Mixon, and the same bed 
is again brought to the sur&ce jusc outside the county at Astbury in 
Cheshire, where it is got for lime. (See Fig. 15, p. 31.) 

T%e YaredaU Rocks and MUUtoue GtiL — ^These consist of an alternation of 
shales with massive thick-bedded sandstones, which form bold escarpments 
running north and south, from the Dove on the east to Macclesfield and 
Congleton on the west. These beds are admirably described by Professors 
Hull and Green, in voL xx. of the Geological Society*s JoumaL The strata 
are thrown into long folds, the central anticlinal line, which is traversed by 
a fault, stretching finom Leek far to the north by Marple and Staleybridge. 
In the south this has on its western side une syndinal termed the Rudyerd 
Basin, and another (» the east, the Goyt Trough. In North Yorkshire there 
are five beds of massive gritstone, but as we frace these southwards they 
gradually thin ovt and disappear, until in North Staffordshire only the Rough 
Rock (the n^iermost bed) and the Third Grit remain. 

Thb CoALr-XBASVKBS. — ^lu Staffordshire, as elsewhere, the beds which con- 
tain the valuable mineral called coal consist of an alternation of shales and 
sandstcmes with certain beds of coal and irmistone : the latter, though all- 
important to us, constitute but a very small proportion of the total thickness. 
perhaps not more than oaie-fortieth of the whole mass. Coal is formed of 
compressed vegetable matter. In swamps and low fiat grounds of great 
extoit near the sea-level we must picture to ourselves great forests growing 
uninterruptedly for l<mg ages, until, by the decay of many successive genera- 
tions of plants, a great thickness of cariwiiaeeous material, perhaps from 20 
to 100 feet, was accumulated. Then, the land slowly sinking, the sea de- 
posited mud or sand on this bed, and during long after-ages, by pressure and 
loss of gaseoDs material, it was compressed into an ordinary coal-seam of 
variable thidmeas. Underneath every coal-seam we find a l^d of fireclay, 
the soil (» which the ancient fcurest grew ; and in an open work at Parkfield 
Colliery, near Wolverhampton, the stumps of seventy-three trees, with their 
roots attached, were founa in the space of a quarter of an acre. The plants 
were mostly of low types, like our ferns, dub-mosses, and horse-tails, but 
were, comparatively, of gigantic size. SigSlaria, known by the vertical seal- 
like marlongs or leaf-scars on its oaA ; its root, once thought to be a 
differ^it plant, and named Stigmaria ; another spirally marked tree, the 
Lepidodemdromy with great reeds called Calaniites—tnese, with numerous im- 
pressicHis of ferns, are of frequent occurrence. There are few traces of 
animal life, but remains of insects and reptiles have been found in the 
nodules of irKXistiHie. The growth of the forests which produced coal seems 
to have been general and umnterrupted over a large part of England. But 
since that time disturbances have taken place, the strata have been upheaved 
alcmg certain lines, and from those lines the Coal-measures have been washed 
off, so that now we get the coal-fields separated one from the other, and each 
lying more or less in a basin shape : thus we have in Staffordshire four de- 
tached areas or coal-fields, of which we will now speak separately. 

(i.) Tike Goidsitek Cocd-fitld. — ^Tnis is a litt'.a valley or trough of Lower 
Coal-measures, lying in the extreme north-east of the county : it has an area 
of 90 acres, and contains about 117,000 tons of coal. 

(2.) Ike Ckeadle Coai-fieid. — This lies in the valley of the Chumet, and is 
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booiuled on the notih b; MiUstane Grit, and on the sonth hj Kew Bed S 
atone. There are bii eeams of cnal, contnining, accordiog to (he estin 
made for the Cail Cummission in 1871, about I04,cnX),00o tone aTnilahlF for 
futnre use. At Froghull a valuatie bed of iron ore (hydruted oiide) is 
largely worked. 

(3.) TU yorlh S/afordiiirt Coai-Jielii.~£h\B fine coal-field is triangular in 
shape, extending from the apex near Jiiddalph in the north, to near Longton 
on the east and Madeley on the west : in the latter direction it ie bounded bj 
the 'great Bed Bock fault, which throws down the strata on the west ; so that 
near Astbury we have the Mountain Limestone brought on a level with New 
Bed Sandstone, implying a displacement of about 8.000 feet. Eastwards the 
Millstone Grit risen in due order from beneath the Lower Coal-measures; bat 
in the south the Upper Coal-measures themselres dip soiiihwards, and pass 




Mrj, iIiowinB Lower 



under rocks of Permian age. Altoeelher, the Coal-measnrea of Korth Stafford- 
shire are 5,oc» feet thick. In the upper division, about 1.000 feet thick, 
there is at Fenton a band of limestone, containing a tinj cnrled-np shell— 
Xicroconchas carbonarius — which eTerywnerv cnaracterisea these upper beds. 
L'ndec (he Upper Coal-mcasnreswe get about 3,000 feet of saiidBtones, shales, 
and ironstones, with about 40 seams of coal, together abore 150 feet in thickness, 
and estimated as able to yield about 3,720 millions of tons of coal. ?Iow, in 
1874, there were 4,313.000 tons of coal raised iiy 156 collieries, and in 1S79 
there were 4.025,535 tons produced bj 144 collieries ; so that it is evident we 
have here a district of great resources ; and, when we consider the possibility 
of its future extension towards the south, by mining through the newer 
overlying rocks, it is clear that there is a great future before this coal-field. 
Of I/)wer Coal-measures we hare here about 1,000 feet, containing the 
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same Land of red ironstone which is worked in the Chumet Valley. Fossils 
are rather numerous ; scales, teeth, and spines of about twenty genera of 
fishes have been found. Numerous moUuscan remains, too, have been collected 
from a bed called the " Bay-coal Bass,' and from the " Ten-foot Seam," at 
Hanley. 

(4.) The South Staffordshire Coal-field.— Going southwards, we find a great 
reduction in the thickness of the strata. Examining the region from Brereton 
on the north to the Clent Hills on the south, and from Wolverhampton on the 
west to "Walsall on the east, we find it to be an oval tract about 21 miles by 
7, composed of about 800 feet of Upper Coal-measures, mostly reddish sands 
and clays, underneath which come 500 feet of Middle Coal-measures, resting 
on Silurian rocks, all the inferior carboniferous strata being absent. Of the 
seams worked the Brooch Coal is the highest and most persistent ; it is an 
excellent house coal, but the supply is very limited: below this, we get about 
150 feet of clay, sandstone, &c., and then we come to the famous Thick or 
Ten-yard Coal, composed of from ten to thirteen well-marked seams, which in 
the district south of Dudley rest immediately upon one another, forming a 
mass unequalled elsewhere in the British Isles. As we follow the Ten-yard 
Coal, however, to the west and north, we find it split up into separate seams, 
divided by beds of shale and sandstone from each other, until about Essingion 




Fig. 77.— Diagram of the Gorbya's Hall Fault, Sontb StafForddbire. (After Jukep, Geo!. Survey 

ABC CoUiery Sbafbe. 1 Beds containiog water. 3 Tbiok Coal. 
D Gate Road. 2 Broocb Ck>al. 4 The Fault. 

find Wyrley there is a total thickness of 300 feet. To explain this, we must 
imagine that in the Coal Period the level of the land in the south remained 
unaltered, allowing of the accumulation of a vfiist thickness of vegetable 
matter in one bed. Towards the north, however, depression after depression 
took place, with intervals of rest between. During each depression mud and 
sand would be deposited, and we should thus get the seams separated more 
widely the further we went to the north, while, following them back south- 
wards, we should find them coalesce into one thick mass, where plant-growth 
had been continuous^ and where the level had remained unaltered. Twenty 
feet below the Thick Coal we have the Heathen Coal, and below it the 
Sulphur Coal, the New Mine Coal, the Fire Clay Coal, and the Bottom Coal, 
with other variable seams. 

The South Staffordshire coal-field is crossed by many faults, which have 
displaced the strata to a greater or less extent (fig. 77). In tracing and dis- 
covering the effects of these faults, geological knowledge finds one of its most 
useful applications. 

There are several valuable bands of clay ironstone (argillaceous carbonate),, 
which mostly occur at a little distance under the principal coal-seams. About 
one million tons of iron ore are raised yearly, but large quantities are im~ 
ported from Northamptonshire and other districts, so that in 1874 there werft 
2,073 puddling furnaces and 320 rolling mills at work. In the same year 469; 
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collieries are ennmenited in tho " Mineral SUtieties," which nisad 8,389^343 
toDB of coal. Of fireclay 258,792 tarn vere raised, mostly from Stonrbridgs 



and Tipton: in 1S79 there were 4ZJ collieries ai work, producing 9,350/xjD 
tons of coal. ThuB the miaeral treaBures with which the connty u mi richlj 
endowed are being sought for with a degree of enterpriss and success which 



T been surpasaed. It is to he r^retted, though, that ia former timet 
tne laHK was not puTHUed vith a due regard to economy of material, or to the 
intereata of the future. Thua much of the " Thick Coal " which remaina is 
"drowned out" and ungettablo, though this ia an evil which may yet be 
conquered by combination. Professor Bull calculutes (" Coal Fields of Grent 
Britain," p. 165) that there remain 205 millions of tons of coal in the southern 
division, and 76S millions of tuna in the northern or Cannock Chosa diviaion 
of the South Staffordshire coal-field available for fature use. 

Recent diacoveriea, however, have shown an extension to the eastward, 
across the fault which bounds the coal-field in that direction. At yandwell 
Park, near West Bromwich, the Brooch Coal was struck at 3S0 yard^. Below 
this came the Herring Coal and the Thick Coal, the latter zoj feet thick. 
The dip was east, a1>out 8 degrees. The Heathen Coal was next proved, and 
at 5 yards below it was found the white ironstone, of exceltent quality and 
large yield ; a ainking nt Hamsteod has proved similar beds there. 




iGNEOua Rocks. — Eruptive masaes of basalt or dolerite occupy a large area 
about Rowley Regis, Barrow Hill at Pensnett, Puuk Hill near Bentley, at 
Netherton. and other spots. Many thousands of tons per annum are got for 
paving purposes. There can be no doubt that these masses were injected in a 
Quid state from several vents, at some period after tho formation of the Coal- 
measures. The main massea send off sheets of " greenstone," from which 
a^in veins of white-rock trap proceed, baking and altering the aqaeona rocks 
with which they come in contact : a curious radiating and columnar structure 
is often observed in these trap rocks, due (o their cooling under pressure. At 
Lyo Cross, on the Rowley Hills, in 1S74, a sinking for coal peoettsted 60 
yards of Rowley Rag, ami struck all the coal-seams beneath from the Brooch 
to the Bottom Coal, including the Thick Coal, here 29 feet thick. (Fig. 78). 

The pRKin*(i FoKUATlOfl.— Stretching irreguhirly round the soBthem termi- 
nations of both the North and South SlatForashire ccal-ftelds, we find certain 
reddish sandstones, conglomerates, and breccias, of Permian age. Further 
south they form the Clent Hills ; and the remarkable beds of polished and 
striated pebbles of trap, greenstone, slate, limestone, &c, are believed by 



■ Eamaay lo hflve come from the westward, perhaps from, tho 
nynd hills in Shropshire, ar.d to afford evidence of glacial action in >ho 
. Altogether the Permians are from 600 to 700 feet thick ; tbey run, tt 
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ID a lona, DSTTOir atrip on the veetwnnl, from aoi 

miled, WolTerhampton being naarl}r in the centre. g 

Again, in tlie nonb, ve find them occupying the S 

■nrfiwe for seTerel miles to 'he soutii of Newcastle- ^ 

nnder-Lyine and Madeley. Manj tlue eeetiuns are n 

here iihown bj the canals and railway cnttings. | 

The Thus,— Red BandWonea ar^! pelble b»ds of 5 

Triaeuic age occupy the whole of the centre of the Ep 

county from east to west. They f.re very difficult to « 

diatinguiah from the Permian rocka, and great credit 2 ■" 

in due to Profeaaor Hull for the manner in which he ^, |' 

made clear the separate diriaioiui. The lowest beds '^ & 

nre cftlleil the Busier Sand^me. These contain L = 

thick pebble beds, well seen in the country north of S I 

Cannock Chase, at Sutton Park, Great Barr, &e., and " 
they ' • • ■ ...... 
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e from the Lickey Hills. 
Bunter is an cictllent source of water supply to ^ -* 
IDU^ large towns situated upon it. =<° ' 

Keuper Marl atid Satidtlotie. — This is the upper e'^| 
dimion of the Trias: ityields good bnilding stone f^s 
St Oret^a Hill, Colwich, Hollinglon, and several ^5a 
otLer spots: its thickness is about 1,000 feet. zS" 
Soond AltOD the scenery ia very picturesque; the t.= i. 
b«dB ate much Suited, and a' h^trd E^tratum at the 0^ ^Z 
base of the Keuper has resisted denudutioD, forming ~'^ ^ 
a succession of escMrpmenla. Beds of gypsum occur Z~ s 
near Uttoieter, and brine springs nenr Stafford and gig 
WestOD-on-Trent indicate the presence of salt. S : _ 
Ripple-matkinga, son-ciBcks, lain-pittinga, &c., often 
seen on the surfice of the Marls, indicate that the 
Keuper beds were probably formed io large inlnnd 
salt lakes. (Fig. 79.) 

Tiis L[A8,— The presence of the outliers of Bhsetic 
beds and Lower Xias at Needwood Furei 
north of Abbota Bromley, pro!>al>ly indical 
former extension of this formation over the greater I ? 
part of the county. ^ 

Tub Deiht.— VVhen we find irregular beds of sand ^ 
or clay at the sarface, containing fragments of a 
granite, lias, oolite, and other rocks, which must Iwve S 
travelled from a diatauce, and which are often striated gl 
Htid grooved, we assign them to the last lilacial = 
Period, when ice-masses from the north and west ^ 
seem either to have descended aa glaciers or sailed S. 
aa icebergs over the whole of Central England. ^ 
There is a great accumuUtion of travelled Idocks, 3 
often of great size, in the neighbourhood of Wolver- S 
hampton; these include masses of felstone which " 
must have come from the A re nig Mountains of North 
Wales, and granites like those of Eskdale in Cum- 
berland and Criffel in the south of Scotland; touldere 
of the Welsh rocks lie thickly, too, between Hagley 
and Bromsgruve. 

pRB-HiaroEic Man.— Laatly, io the "barrowa'' 
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opened l>y 3Ir. Bateman ("'Ten Years' Diggings,*') we hare evidence, in 
the flint arrov-neads, celts, and stone hammers, of the appearance of men 
upon the scene ; men to whom the use of metals was unknown, but who had 
acquired considerable skill in the manufacture of their rude weapons, so that 
we class them as of XeofUhic age. Of the Pal^golit hie trilyes, whose implements 
were of che rudest description, mere chipped pebbles, no traces have yet been 
found in Staffordshire. 
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The extensive and accurate knowletlge of the rocks of this county which we 
now possess is the result of a long series of observations made almost entirely 
during the present century by the numerous talented geologi.sts who have 
devoted their attention to the study of the strata in this district. Although 
Dale (1730), Parkinson (1811), William Smith (1816), and R. C. Taylor (1824) 
had specially noted the shelly deposits east of Ipswich, commonly called the 
" Crag,** it was Mr. E. Charlesworth who, in 1835, published an important 
paper in the "Philosophical Transactions," classifying them in a manner which 
has never since been materially altered : the fossils of the Crag have been 
excellently described and figured by Messrs. Searles V. Wood, sen. (McUusca) ; 
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Professor Busk (Polyzoa); Professor Duncan (Corals); Professor Forbes 
(Eckinoderms) ; Rupert Jones and Parker (Foraminifera) ; Rupert Jones arid 
Brady (Entamo8traca)y in the volumes of the Palseontographical Society. 
Professor Prestwich has given a minute account of the Ci^ deposits in the 
Quarterly Journal of the Geological Society (vol. xxvii.), in which also nume- 
rous papers on Suffolk geology by Messrs. G. Maw, S. V. Wood, jun., F. W. 
Harmer, W. Whitaker, W. H. Flower, J. Gunn, W. H. Penning, E. Ray 
Lankester, W, Boyd Dawkins, Rev. W. B. Clarke, Captain Alexander, Pro- 
fessor Henslow, Sir Charles Lyell, &c., have appeared. Excellent work has 
been done by Dr. J. E. Taylor, the well-known curator of the Ipswich Museum 
and editor of "Science Gossip," Messrs. A. and R. Bell, and others. 

Fine collections of fossils have been made by Dr. Reed, of York, the Rev. 
H. Canham, of Waldringfield, Mr. Cavell, and many more energetic workers. 
The Ipswich Museum has a magnificent series, including the Canham collection, 
lately purchased and presented by Sir Richard "Wallace. 

The Government Geological Survey officers (Messrs. "Whitaker, H. B. 
"Woodward, Dalton, J. H. Blake, S. B. J. Skertchly, &c.), have now nearly 
completed their examination of the rocks of this county, and their maps and 
memoirs, which will shortly appear, will furnish a full and reliable guide to 
the minute geological details. A most interesting memoir, on the Gun-flint 
trade of Brandon, by Mr. Skertchly, has lately been published, and another, 
chiefly by Mr. "Whitaker, giving an account of the country between Sudbury 
and Haverhill. 

General Structure of the District. — Beginning in the extreme north-west 
comer of the county, we find near Mildenhall, just a comer of the Fen-land. 
From this level tract, which is only from 25 to 30 feet above sea-level, there 
rises a low range of chalk hills, the northward continuation of the Royston 
Downs, extending from Haverhill on the south, by Newmarket and Bury St. 
Edmunds to Thetford, and decreasing in height northwards. In the south- 
west comer near Haverhill, the chalk attains a height of 352 feet, and Haver- 
hill Church is 225 feet above the sea. These hills have their steep slope to 
the west, whilst they dip gently to the south-east. In the south-east comer 
of Suffolk, between the sea and a line drawn from Sudbury to Aldborough, we 
find beds of clay and sand of the Tertiary period resting on the chalk : the 
height of some points (taken from the Ordnance Survey) in this region are 
Co^ock Church, 133 feet; Belstead Church, 142 feet; Ipswich (St Mary 
Elms Church), 27 feet ; "Woodbridge Town Hall, 77 feet ; "Wickham Market 
Church, 109 feet; Saxmundham Church, 57 feet; and further north, "Wangford 
Church, 39 feet ; Lowestoft Town Hall, 73 feet ; Corton Church, 63 feet. 

These strata (the Chalk and Tertiaries) form what is termed the solid 
geology of the county, but they are frequently overlaid — and over extensive 
tracts entirely concealed from observation — by the Drifts under which term 
we include all the deposits formed during the last glacial period, these being 
beds of boulder clay, gravel, and sand, of comparatively late geological age. 

"We shall now describe the different rock-beds in turn, commencing with the 
oldest which occurs here, viz., the chalk. 

The Cretaceous Formation. — The chalk of Suffolk forms part of the great 
band which extends from Salisbury Plain to the Norfolk coast. In a deep 
boring executed at Harwich in 1854-7, we have a key to the thickness and 
succession of the various divisions of the chalk : the boring was close to the 
harbour and just west of the Great Eastern Hotel : the beds passed through 
were. Earth, 10 feet; Gravel, 15 feet; London Clay, 23 feet; Reading beds, 
30 feet; Chalk with Flints, 690 feet; Chalk without flints, 162 feet ; Chalk 
marl, 38 feet ; Upper Greensand, 22 feet ; G^idt, 39 feet ; Lower Carboniferous 
(a hai^d, dark, bluish-grey, slaty rock, containing the fossil shell Posidonomya), 
penetrated to a depth of 69 feet. 

Another boring, at Coombs, near Stowmarket, gave — Drift, 57 feet ; Chalk, 
817 feet ; Upper Greensand, 10 feet; Gault, 11 feet. Other deep borings in 
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Herts and Middlesex show that Paleeozoic rocks probably underlie the greater 
part of the Eastern Counties, and at depths not much exceeding i,cxx> feet. 

The Lower Chalky or Chalk wUhovt Flints. — This bed forms the western 
slope of the low chalk escarpment; the beds below it, the chalk-marl, &c., 
occurring still further west, in Cambridgeshire. It is hardly correct to call 
it the *' chalk-without-Hints," as by diligent search Hints may almost always 
be found, but in these lower beds they are comparatively scarce. Mr. 
Whitaker thus describes a hard bed which forms the top of this division: — 
** The lower chalk ends upwards in a hard crystalline bed, frequently yellow, 
and broken into lumps 2 or 3 inches across, with a marly substance between 
them ; but the latter is probably a wash into the joints from the chalk above. 
This bed, or rather deposit divided into two crystalline beds with soft chalk 
between, has been described under the name of chalk-Tock^ and is tolerably 
persistent from Wiltshire up to, and probably far beyond, this district, 
though, from the scarcity of sections, the outcrop cannot be accurately traced. 
It contains many fossils, Holaster jplanus being somewhat characteristic, and 
its upper limit is sharply defined : it indicates a change in the conditions of 
deposit which, brief as it may or may not have been, was certainly consider- 
able." Local geologists should look for this bed between Newmarket and 
Thetford ; it may generally be told by its cream-colour and hardness. 

The Upper Chalk. — This division includes nearly the whole of the white, 
soft, earthy limestone which is perhaps the best known and most easily re- 
cognised of any of the British rocks. If we draw a line from Sudbury through 
Ipswich to the coast near Dunwich, we shall have the south-eastern surface 
limit of the chalk. North and west of this line we have numerous exposures of 
the rock in the many pits opened to get the chalk, which is burnt for lime, and 
the flints, which are used for building purposes. These pits are mostly on 
the sides of the valleys where the streams have cut through the surface 
accumulations of clay, sand, &c., exposiug the chalk itself ; there are largo 
openings near Bury St. Edmunds, Claydon, Cockfield, Bradfield, Sudbury, 
Coddenham, Welnetham, &c. In almost every pit we see the face crossed by 
black lines of flint nodules, and find that although there are several minor 
undulations, yet the beds, as a whole, incline or dip very gently to the south- 
east. The chalk is an excellent water-bearing formation, yielding an ample 
and steady supply of clear but hard water. Many wells have been sunk or 
bored to the chalk to get water, and these vary much in depth in the same 
neighbourhood, showing that the surface of the cnalk isimeven; in some cases 
where the discrepancy is very ^reat, it would seem that a '• sand pipe" has 
been hit upon — this is a cylindrical hollow where the chalk has been dissolved 
by running water, and its place filled by the sinking in of the beds above ; 
they may be seen on a small scale in any chalk pit. 

The common chalk fossils are sea-urchins, such as Micraster, Ananchytesy 
Galerites, &c. ; the shells Inoceramtis, Spondylus^ Bhynchonella, Terebratulat 
&c, with Ammonites^ sponges, and occasionally teetn and scales of fishes. 
Chalk appears to have been formed at the bottom of a deep sea, and 
microscopic examination shows that the minute shells of foraminifers form 
the bulk of the deposit; there are also still smaller rounded bodies 
(coccospheres), and fragments of such (coccoliths), now known to have been 
calcareous sea-weeds. 

Tertiary Period. — The chalk closes the list of Secondary Formations, and 
a great interval of time elapsed, of which we can get no information from any 
rocks existing in England, for there are none to be found of any age inteiv 
mediate between the chalk and the tertiary strata ; probably this region was 
elevated and remained dry land for a time. 

Eocene Formation. — With strata of this age, we enter on an epoch when 
the life existing on the earth began to be more closely allied to the animals 
and plants now living. Large mammals appear, and a few species of the 
fossil shells are identical with some now living. The lowest Eocene strata are — 
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The Thaaet £«./<. —Tliew are only well Bipoiteii rouml Sudbury ; there we 
aee uliout 3 feet of cUjey green mvad reHtinf; uu tlm chalk, witb a few green- 
coikted riinta At tlie butlum, nod abore tliiii nliout 13 feet of grey sand, the 
lower purt pioklKli ; dcj fuHniln occur. TheHebeds can be traced with difficulty 
a little Dortli of Hadlui|tli, and at Ipswicli. (See Fie- >io.) 

Utading Beda. -Tlii-su are mottleil days ami Bands, of no grent thickueBB. 
They ire wurkeil fur brii-ks at tlie St. Helens pita, Ipitwicli, Higham Bridge, 
Bramfurd, Great Cormird, Cupdock, anil NevemI oilier pointu hetweea Ipswich 




TJubed; 
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and Sudbury. They rest on the Thanet S;ind, or in Homa places where that in 
Hbaent the Beading iieds repose direi;tly upon the chalk. In the clay, at 
Ipwieh, Dr. Taylor states that numerous casts of a shell, probably Cardtum 
Plumaleidiense, have been found. 

The L-m-i™ day. - Ehi» bed takes its name from the fact that it Qnderlies 
the metropolis. In Suffolk it is seen in the tract of Und between the estuaries 
of the SluucnndOrweil, around Neyland.Leyhara. Stoke, Stratfonl.&c. ; it is 
Also exposed on ouch side of the estuary of the Deben, and from thence north- 
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"WTirds forms tl e lower pait of the cliffs to. a little beyond Orfordness. It is 
a bluish-grey clay weathering to a brown colour at the surface, and with in- 
cluded rounded masses of impure limestone, calleil cement-«8tones, from the fact 
that they have l>een largely useil for making Roman cement. Sometimes these 
nodules are traversed by cracks which have l»een filled up with pure cr\'st all ized 
carl>onate of lime ; they are then known as septaria. Roumleil lumps of iron 
pyrites, brown without, yellow inside, and layer> of brown phosphatic notlules, 
the so-called coprolites. are also common. Beautiful rhoml»oidal crystals of 
sflenite, which the workmen call " congealed water," are abundant at Felix- 
stowe, Bawdsey, &c. : this seienite is simply crj*stallized sulphate of lime, the 
same thing, essentially, as gj-psum. 

The lower part of the London Clay is calle*l the hasrnienf bed ; it is com- 
posed of buff-<M)loured sand ami brown clays with some pebbles, altocether 
from 12 to 15 feet thick, whicn are well exposed on the north of Hadleigh. 
The Lomlon Clay is dug at several points for brickmaking, and also for 
spreading over or " marling** light, poor lamls ; it frequently contains much 
fossil wood, as in a pit close to Ipswich (on the Norwich road) and in the 
cliffs at Bawilsey. These plant-remains are always converted into pyrites 
except when they occur in septaria, in which latter case the structure of the 
wood is generally replaced by calcite (crystallized carl»i>nate of lime). In the 
Bawdsey cliffs, we see the uneven surface of the London Clay on which the 
Crag betls lie, showing that the former formation had sufferad much from 
denudation before the deposition of the Crag; many small faults or disloca- 
tions can be traced here by noticing the broken chanicter of the yellow l>acds 
of pvrites which run along t!ic lines of stratification. Many springs burst out 
at the jimction of the London Clay with the Ci-a^ or Drift beds : the water 
percolating through the latter cannot make its way into the impervious clay, 
but flows along the junction until it finds an exit : on the coast these springs 
occupy hollows or recesses in the cliffs : the upper IkmIs ha^e fallen or slipped 
over, as a consequence of the erosion of the line of junction. The commonest 
London Clay fossils are such shells as Modioia. Cytherfa ohiiqua^ SautHus^ 
&c. ; sharks* teeth al)Ounil. and the fossil canipaces of turtles, some 2 or 3 
feet in length, have been obtained from the West Rocks, a shoal some 
few miles off the coast, which used formerly to be worked for cement -stones. 
One of the most interesting discoveries in Suffolk geology was made by W. 
Colchester. Esq.. F.G.S.. in 1839. At Kyson. near Woodbridge, he found in a 
brick-pit a layer of white and yellow sand, underlying 12 feet of London 
Clay ; from the samly bed were obtained many sharks* teeth, scutes of croco- 
diles, scales of ganoid fishes, l>ones of a large serpent, teeth of bats and 
opossums. &c., also the teeth and part of a jaw of a mammal, which Professor 
(>wen at first considered to le a species of monkey, but which further dis- 
coveries in other parts of England and in France have shown to be an extinct 
animal related to the Hyrax (South African coney) ; it has been named the 
Htfracotkenum. 

PuocE.NE Formation. — In this district no l>eds occur of Upper Eocene, or of 
Miocene age ; thus the PlioceLe strata rest upon the London Clay, or, where 
they overlap that formation, upon che chalk. These Pliocene beds only occur 
(in England) in the counties of Suffolk. Norfolk, and Essex, where they are 
known as the Crag (Celtic ertpifan, a shell), being shelly sands containing a 
large per^^enta^e of mollusca oJP still living species. 

71^ Smfolk Bone-Bed, or Box-Stone Deposit. — At the l^se of the Crag and 
resting upon the London Clay, there is a very remarkable stratum, in thick- 
ness iProm I to 3 feet, containing coprolites, rolle<l and polished teeth 
and bones of mastodon, rhinoceros, tapir, hyaena, halitherium, &c„ rounded 
masses of dark-brown sandstone (the "box-stones**), ami large boulders of 
quartz, granite, &c. ; one of dark-red porphyry' found at Sutton weighed a 
quarter of a ton. The ** box-stones '* have been so named by workmen because 
about one in a score of them when broken open is found to contain some shell 
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>c OTgfuiic body : thsBe correspond witli tlie fosaiU of the DUettat at 

I i Black Cmg of Antwerp. ThiaSoffolk boDe-bed 

J "^ S appears, in fact, to have been formed bj the 

jj breaking-up of some deposits of Miocene and 

5 early Pliocene age which may hare oocnpied 
^ part of the area now covered by the German 

6 Ocean. The box-etooes are most plentiful in the 
■^ district belwecD Foihall (near Ipswich) and 
"^ Felixstowe. At WaldHngfleld nod Falkenham 

a ^ they are used as road-metal, 

I Tht Corailint Crag (aUo called the Suffolk 
'^ Crag, White Crag, and BryoEoan Crag).— It has 

y been proposed to alter the name of this diviaion 

J to Bryoioan Crag, as the branching forms, 

■=5 formerly thought to be corals, now torn out to 

|| be bryozoa or polyzoa. It is well exposed at 

.s-i Orford, Aldborough, Woodbridge, Sutton, 

es Bamsholt, Gedgrave, and there is an outlying 

^ Z patch as far south as Tattingstone. Its extreme 

6 " thicknesB is about 6o feet ; at the liase are 

I J shelly sands, above is a rock-bed yielding a soft 

■5; building alone. The pits in Sndboume Park 

^ I have yielded great numbers of flne and well- 

^1 preserved shells, as Cardita miilis. Cyjirina 

»| ruttiea. Asfaiit Omalii, &c. Altogether Mr. 

5 3 Wood enumerates 396 species of shells from the 

«3 Coralline Crag, of which 144 are now extinct 

?| (56 per cent.) ; many of (hese are of Mediter- 

l£ ranean species, and the general condiliona of 

S g the deposit indicate thai it was formed in ft 

■- § warm Bea of moderate depth — perhaps 300 to 

* 400 feet. 
► 2" Tie Rfd Crag,— This deposit is composed of 

^ J red shelly sands having an extreme thickness 

t^ of 25 feet. It )B finely exposed in the cliffs at 

!£ Felixstowe and Bawdsey. and over a laim area 

^^ between Sutton, Ramsholt, Trimlev, Bntley, 

^S &c. : at Tattingstone Park (4 miles south-west 

^ J irf Ipswich), at SudVioume. and near Aldborough 

I I the Red Crag may be seen in sectioo superim- 
I a posed upon the Corallioe Cntg. The lower 
^■* portion of the Red Crag is remarkable for its 
E s oblique lamination, which Mr. Wood believes 
u £ to be due to its having been heaped up as a 
f o beach in channels and around islands formed of 
^-* Coralline Crag. In examining the fossils caro 

T'i.s has to be taken to distinguish such as are den- 
ize vativa (i.«. washed out ot older deposits) from 
E ^ c those proper to the bed : excluding the former 
'1*3 we have 248 species, of which 69 are extinct 
E»J (a8 percent, nearly). The common sheila are 
^Q " TropkoH aaligimm, (the red whelk), PecUn 
^r: o operctdara, PtctunctdmgtyciTneris, Cardtum edtde 
\ 05 (the common cockle). iWpum lapSlua (the dog 
S'^o whelk), &c Phosphatic nodules (coprolites) 
°cB;5 occur, which have probably been washed out of 
S«^ the Coralline Crag and London Clay: the 
3 coprolite bed or bone-bed at the base of the Bed 
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Crag has been largely worked for these aodules, whose ralne as a manore 
was first poJDted out l^j the late ProfesaoT HeDslow ; in 1S77 there were 
raised in Suffolk 10,000 tons of coprolitei, valued at about jCi per ton ; but in 
1879 the amount had fallen tj? 4,000 tone, Tslued at £3 per I ~ 



by a few feet of unfoseiliferous sand. The latter, Mr. Whitaker haa latetv 
shown to be part uf the Red Crag, from which tha fosiila have been dieBolTed 
by the percolation of water containing carbonic acid. 

J%e Norwich Crao is found at Thorpe, near Aldbortugh. at Bnlchamp, and at 
■Wa[^ord:it is only about 10 feet thick and contaioafcesh-waterwidestuarine 
aa well as marine shells ; 113 species of molluscs have been found, of which 
l8flreeWinet(l6percent.). 

TAt ChUle^fi/rd Bedsa,n failed aftera vilhtgeof that name near Aldborough : 
they are about 20 feet thick; the lows? part sand^.wtth a shell-bed, above 
which come laminated micaceous claya. Their fossils include bones of whales 
and shells of Northern species, as .^orfe fioraiiis; 86 species are known, of 
which I4are extinct (16 per cent.). 

QuATBKNAKY pEKioD.— The Fliocene deposits (elt us of a climate gradually 
getting colder, and a sea gradually decreaaing in depth. At last the bed ot 
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the German Ocean was laid dry, and Engbind became a part of the c< 
vegetation covered the surface and large mammals strayed over it. To this 
period belongs the Foreit Bed of Ke^singland, which can also be traced in the 
cliffs at Corton and Hopton, and roimd the coast of Norfolk. This bed has 
yielded many fine Ijones and teeth of Eimoceroe elnuaa, the mammoth, stag, 
Irish elk, &c. Then subaideoce took place, and in a shallow sea were formm 
the pebbly sands named Bure VaUey Bttit by Mr. Wood, and We^eton Shingle 
by Professor Prestwich : these reach southwards to Haiesworth, Westleton, 
and Southwold. They contain 'liUi«a ballhica, a shell very characteristic of 
the glacial deposits. Next, Arctic conditions began to prevail, and the first or 
LotBfr Botdder Clay (Cromer Tilll was formed ; it is enrmouDted. by the C<m- 
iw(ai2>ri/l, consisting ot clays and loams seen in the Hopton cliffs, and of which 
there are outlying masses at Kesgrave, Blazhall, and Boxford. Then come the 
Middle Glaeiai Saiidji and GnajeU,yfit\i beds of brick earth (the Brandon Beds ; 
see Fia;. 81), formed during a milder" iotep^laeial" period: these occupy much 
ground south of Goriest on and along the coast, but spread most widely south of 
Woodbridge and Ipswich : they crop out along the sides of the valleys from 
underneath the Great Chalky Botdder Clay. The latter deposit spreads every- 
where over the higher grounds and marks the extreme period of cold : it is 
fidl of rock-masses (Ixiulders), often polished and grooved by ice-action, and 



256 



GEOLOGY OF ESGLASD ASD WALES. 



has an extreme thickness of i6o feet. The various sulxli visions of the Drift 
are finely exposal in many large pits in the neighbourhcxxl of Sudbury. 

HiU or Plateau CrraveU formed of large flfnts are found at some places (i 
mile east of Bromeswell, again west of Orfonl, &c.) resting on the Chalky 
Boulder Clay ; they appear to have been formed by strong currents resulting 
from the melting of a great ice-sheet. 

Recent Deposit?}. — These include the river gravels, both those which lie on 
the slopes of the present valleys and those which are on a level with the 
stream : also the fen-ljeds near Mildenhall. and the extensive deposits of sand, 
shingle, and mud which form low flat tracts along the coast. These are the 
result of the action of the sea, which wears away the land in one place to 
a<ld to it in another. Of Dunwich, once the chief sea-port of the east coast, only 





Fig. 84.— Modern pick of wood and iron; 
nsed at Brandon to extract flints Irom the 
ctudk. 



Fig. 85.— Ancient pick made 
from the antler f>f the red deer ; 
used by the Neolithic fiint- 
workers at Brandon. 




a ruined church remains, and the old tower of Aldborough stood a quarter- 
mile east of the present shore, where the waves now roll over its site. 

Prehistoric Max.— During the last year or two satisfactory evidence has 
been obtained in Suffolk of the existence of man prior to the last Glacial 
Epoch, and the date of this cold period may be roughly estimated at some 
quarter of a million years ago. In beds of loam and brick-earth at Botany 
Bay (near Brandon), Mildenhall Brickyartl, High Lodge, Mildenhall, Bury St. 
Edmunds, West Stow, and Culford, which underlie undoubted Chalky 
Boulder Clay, flint implements have been found which are, certainly, the 
work of man. This discovery is due to Mr. S. B. J. Skertchly, of the 
Geological Survey, who has been engaged for some tinie at Brandon in the 
study of the gun flint manufacture there. Rude Palaeolithic implements of 
later date have also been found in old riveivgravels at Brandon, Hoxne, 
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Icklingham, Lakenheath, Santon Downham, Wangford, &c. Of the Neolithic 
or newer stone age, numerous celts, arrow-heads, flakes, &c., beautifully 
fashioned out of flint and often polished by rubbing, have been met with 
at Botesdale, Icklingham, Lakenheath, Mildenhall, &c., but there is nothing in 
form or in workmanship to connect these with the roughly-chipped Palaeolithic 
tools ; they were made by a different and later set of men, and the Glacial 
Epoch comes between them. 

The flints in the chalk of the north-west of Suffolk, at Brandon, &c., are so 
well suited for manufacturing purposes that Mr. Skertchly believes that the 
art of working flints has been continuously carried on there from prehistoric 
times to the present day. Thus the flint " strike-a-lights," made by thou- 
sands at Brandon during the present century, are just after the pattern of the 
Neolithic scrapers, many of which were not used as scrapers but for obtaining 
fire. (See Figs. 82 and 03). So, too, the one-sided picks used by the Brandon 
workmen of to-day for digging pits in the chalk in order to extract the flints, 
is singularly like the deer-horn picks used by their predecessors some thousands 
of years back. (See Pigs. 84 and 85). 
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Natural History and Scientific Societt. 
Holmesdale Natural History Club ; Reigate. 

Museum. 
Kew Museum. 

Publications of tub Geological Survey. 

Maps. — Sheets: i, South-west of London; 6, Bromley, Chatham, East 
Grinstead ; 7, West of London, Windsor, Staines, Uxbridge ; 8, Croydon, 
Farnham, Guildford, Dorkine: ; 9, Brighton, Chichester, Midhurst, Horsham. 

Books. — Geology of tlie Weald, by W. Topley, 28s. Geology of the London 
Basin, by W. Whitaker, 13s. 

Important Works or Papers on Local Geology. 

List (by W. Whitaker) of 505 works on the Geology of the Ix>ndon 
Basin, in the Survey Memoir, vol iv. 
1858. Austen, R. A. C. Godwin. — A Granite Boulder in the White Chalk near 

Croydon. Journ. Geol. Soc., vol. xiv. p. 252. 
1870. Evans, Caleb. — Sections of Chalk between Croydon and Oztead. 
Proceedings Geologist.s' Association. 

See also General Lists, p. xxv. 



Few districts of equal size offer such varied geological attractions as the 
county of Surrey. From the old Wealden clays and sands in the south we 
pass to the chalk ridge in the centre, on whose northern slope lie yarious 
Tertiary strata : to this alternation of rock-masses of varying composition and 
hardness is due the charming scenery for which many parts of Surrey are 
famous, and which those who understand the geological features of the district 
are best fitted to appreciate, for they have a knowledge of the cause as well as 
of the effect. 

The whole surface of the county has been geologically mapped by the 
Government Survey, and these maps, together with Mr. Whitaker's " Geology 
of the London Basin," and Mr. Topley's " Geology of the Weald," form a com- 
plete guide to the nature and position of the strata. The chalk south of 
Croydon has been carefully studied by Mr. Caleb Evans, whose paper, with 
several accounts of excursions to the same district, is published in the Pro- 
ceedings of the Geologists' Association of London. Other papers by Messrs. 
Meyer, Ransome, S. V. Wood, Godwin Austen, Professor Prestwich, and, of 
an earlier date, Drs. Mantell and Fit ton and Mr. Martin, have afforded valuable 
aid in the preparation of this article. 

The oldest rocks of Surrey lie in its south-east comer, and as we pass 
northwards from this point we continually pass over the edges of newer and 
newer strata. All the beds dip or incline to the north, and rest one upon the 
other ; and consequently the latest-formed rocks are those of Bagshot Heath 
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The mo8t natural order of description weenis to 
oldest deposits, and tlien 



in the north-west. 

commence with the 

to take the others in ascending? order. 

Neocomiax Formation. — TheWeald Series. 
-The lower Wealden strata are called the 
Hastings Beds, and occupy very little of 
Surrey, just in the south-east corner. We 
find them to be beds of sand and clay, lying 
between East Grinstead on the south and 
Lingfield on the north, and reaching west- 
wards to Copt horn Ccmimon not far from 
Burstow. 

The Weald Clay. — This blue or brown shaly 
clay occupies a tolerably large area ; it forms 
the tract of comparatively flat land which 
extends from the neighbourhood of Chidding- 
fold on the west, by Cranley, Ewhurst, 
Charlwoo<l, Leigh, and Crowhurst, eastwards. 
The Weald Clay attains its maximum thick- 
ness near Leith Hill, where it may be from 
900 to l,cxx> feet thick, and from this point 
it thins to the eastward : it contains occa- 
sional layers of shelly limestone, known as 
Sussex marble, full of a species of Paliidina, 
a fresh-water mollusc. In the cuttings of 
the Dorking and Horsham Railway some fair 
sections of the Weald Clay were exposed, 
especially at Brockham Common : the beds 
were found to dip 3 or 4 degrees to the 
north, and occasional sandy beds were present. 
Of fossils the scales of the fish called Lfepi- 
dot^us, and the small crustaceans known as 
Ci/jjrides, were almost the only examples. 
The Weald Clay forms stiff land, diflftcult to 
drain, and with bad roads. 

The Wealden beds generally, offer an 
example of a great fresh-water deposit formed 
probably in the estuary of a great river. 

The Lower Greensaxd. — Beds bearing 
this name form the well-marked line of hills 
which, with one or two gaps, bounds the 
plain of Weald Clay on the north and west. 
Hindhead (894 feet), Holmbury Hill (857 
feet), Leith Hill (967 feet), and Tilburstow 
Hill (591 feet), are the highest points. 
Several subdivisions have been traced in the 
Lower Grreensand. Thus at the base, resting 
on the Weald Clay, we have a band called 
the Atherfield Clay about 50 feet thick ; upon 
this we find the Hythe Beds composed of 
sands and a limestone called " Kentish Rag :" 
it attains a thickness of 300 feet at the 
Devil's Punch Bowl or Hind Head, and forms 
all the hill-tops whose heights are given 
above. 

The "Bargate Stone," a calcareous grit, 
appears at Godalming, Nutfield, and Reigate; 
it contains a small species of Avicula. 
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GKOLOGY OF KyOLAXD ASD WALKS. 



The Saudgale Beda Hru irregutur Hud of Im-al accurrencu : tliey uni ulayejr 
windii hIiuuC 30 feet thick, nrliicli aeiir Nutfieltl cuntnm exceflent tHiil» of 
fullers' earth: this suliBbtnce U an enrtli; hydruus BiliCHte of alumina: it 
liHB n gruat CHpiicity fur nbaorbing oil or grenBe, ami wae> once liirgety lued l>j 
i-]i)tlt nuLHufHCtuKFH. The minuml kouvm hh sulphate uf barytes is of 
frequent occurrence in the fullers' earth of tlie neighbourhood of Rei|{»l.e 
and Nut fie Id. 

Tic Folkeetime BcJe form tile bottom uf the nurthem slope of the Luwer 
Oreensand eacarpment: they are light-coloured sHndn, well developed at 
Frenaham, Famham, und Thurnley Commons, from whence they run east- 
WHlds by Dorking, Betchworth, and Westerham. They are often dug forglaMs- 
miiking and for building purpones, and contain numeroUH marine snellB, Buch 
as Exof/j/m einvata and Tcrthratda aMa. (See fig. 41, p. 131.) 

Cketaceovn yoKUATio.i. -7'iie Gaiilt.—T\iiii \a a atift' blue clay from jo 
to So feet thick, which forma the very bottom of the long narrow valiey lie- 
twuen the two riiigeB of the Lower Oreonijand nnd the Chalk. 

The Upper Greetitand is alKiut 30 feet thick, and consistB of green Bandy 
lie<U and light-coloured aitcareuus Handatoneii, locally known aa " Fireetone " 
anil " Slshn Itock." Wo cun trace it from Farnham eBstwards to Godstune 
and Mcrstluim it is quirried f r heirth itonei &c. Near Farnham it cun- 
luiiis numerous [husplialic n lules (the so-i. died eoprMm). for which it 




Ims there been birgoly «-orked. It yiehh« a fertile soil, BjxHially flttudfor the 
grDirth of hitpB. (See fig. 34, p. lOl.) 

Tlie Chalk. ---Gi-ery one is familiar with the smooth rounded outlines of the 
'luitk dou-ns. atHl with the white soft earthy limctitona which compuses them. 



,^■1,?^ " 



t chalk bells are wrly, whilst the highest contain 
niHlulus and hiycrs of flints, of which (he middle p)rtion is nearly destitute. 
The t^jtal thickness in Surrey may be 500 feet. Beginning on the west we 
fiisl the clinlk forming the well-known " Hog's-liaok" ridgu between Kanilmm 
atui Guildf onl : this is only half->i-mile wide, the narrownesB of Che outcrop 
being due to the high northerly dip of the beds. East of OuiUlfurd the dip 
decreoseB in amount, and the oatcru|i widens, first to 4 miles between Box 
Hill and Leathurhead, and then to 7 miles between Croydon ami Qiter- 
liam. Along the escarpment the following heights may be noted: Tlio 
Hog's-liack, 504 feel ; ^elley Heath, 664 feet : AVhite Downs, west of Dork- 
ing, 744 feet ; north of Reigate, 767 feet : Willy Farm, Bouth-west of Cater- 
ham. 735 feet; TupwoiMl Common, 760 feet; TandridgB Hill, 800 feet; 
Bolley Hilt, near Tulsfiehl, 866 feet. The nirious niilwiiy cuttings which 
cm» the chalk hills give excellent eipoaures of the beds, and numerous 
fossils may with little Ironhle be obtained. Sea-urchins of the genua 
Mirronlrr chamc'eriice the U|i]'er bedi*, whilst AuiiiIouHkk abound lower 
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The Tektiauy Euoch. — Eocene Formation. —The northern half of Surrey 
is composed of beds altogether of later date than those we have hitherto 
been describing. The Wealden Beds we have already noted are prolmbly 
estuarine deposits ; then a depression ensued, and in the Lower Oreensand, 
(jault, and Lpper Greensand, we get full evidence of marine conditions, while 
the Clialk is an oceanic deposit : then occurred a long interval of which no 
trace remains, and with the Eocene beds we enter on a fresh geological epoch 
— the Tertiary, or third in order, the chalk closing the series of Secondary strata. 
The Eocene Tertiary stnitii of North Surrey form part of the beds which 
constitute the southern half of the " London Basin," so called because the 
beds have a dip towards London both on the south and the north. The chalk 
underlies them all, passing imder London at a depth of about 200 or 300 feet, 
to rise again and form the North Downs on the one hand and the Chiltern 
Hills, &c., on the other. (See fig. 63, p. 176.) 

The Thanet Beds rest on the chalk at Addington, Croydon, Sutton, Ewell, 
and so on to East Horsley, beyond which point they are either absent, or 
concealed by the overlap of higher beds: they are composed of fine sand, 
and contain no fossils here. They are 40 feet thick at Croydon, and at the 
base there invariably occurs a bed of green-coated flints, derived from 
the chalk. 

The Woolwich and Keadiug Beds. — These consist of mottled clays and 
sands, altogether about 30 feet thick : they form a narrow band running from 
Farnham Park to Croydon. The best exposures are at Peckham, and in the 
Brockwell Hall brickyard at Dulwich : here numerous fossils of both fresh 
and salt-water species have been obtained, such as Cyrena, Oatrea, &c., 
together with remains of turtles, crocodiles, and a tapir-like animal known 
as Coryphodon. Several outlying patches occur on the chalk, as to the east 
of Wallingham, south of Banstead, &c. 

llie Oldhaien Beds. These are sandy with flint pebble beds, and are less 
than 20 feet thick : they are exposed on Thornton Heath, at Shirley, near 
Croydon, and north-west of Addington. 

The London Claj/. — This occupies a much larger spread of surface, running 
northwards from Leatherhead and Croydon up to the Thames, and extending 
westwards by Stoke past Aldershot : it is a stiff brownish clay, and few 
towns of any size stand on it, as there is a great scarcity of water. Its 
thickness is about 440 feet, and it is exposed in many brickyards and tile- 
works, us on Epsom Common, Kingston, Forest Hill, Sutton, &c. It contains 
layers of septaria or cement-stones, which are nodules of impure carbonate 
of lime. Fossils on the whole are not common, yet in certain bands they 
abound. The nautilus, crabs, fish, turtles, &c., with univalve shells as Voluta, 
Fusiis, (fee, seem to indicate the partly marine, partly estuarine nature of 
the deposit. 

Bagshof Beds. — In their lower part these consist of 150 feet of fine light- 
coloured sands. They occur west of Wimbledon (an outlier) and between 
Cobham, Chertsey, Chobham, and Woking: upon them rest the Middle Bag- 
shot or Bracklesham Beds which are clayey and only some f o feet thick. On 
these again we find the Upper Bagshot Sands, 20 feet chick, forming the 
Chobham Ridges and the Fox Hills. Masses of sandstone (grey wethers) 
occur in these upper sands, and are discovered by sounding with long 
iron rods. 

Alluvial Deposits. - These are the beds of gravel and brick-earth which 
have been deposited by the rivers during flood-time, or in shifting their course. 
In the gravel along the course of the Mole, bones of elephant and rhinoceros 
have been found. There are also extensive gravel-beds along the rising 
ground which borders the Thames, as at Peckham, Camberwell, Kennington 
and Vauxhall, Battersea, &c. 

Prehistoric Man. - Of the older or PaicBolithic stone implements the only 
record is of one of grey flint found in gravel at Peasemarsh, between Guildford 

U2 
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and Godalming. Of the later, y edit hie, or Polished Stone age, specimens of 
celts or axe-heads have been obtained from the Thames at Battersea, from 
Coway Stakes, near Egham, Kingston-on-Thames, and Titsey. One fashioned 
out of greenstone was found deep in the clay whilst digging for the Chelsea 
water-works at Kingston. A perforated piece of granite, intended probably 
for use as a hammer-head, was found at Titsey Bark, and one of quartzite 
hear Keigate. Red Hill, near the latter town, is a famous place for flint flakes, 
or knives ; some thousands were collected here by Mr. Shelley. Flint arrow- 
heads have been found at Lingfield, Mark Camp, and at Chart Park, Dorking. 
Such relics of the time when man was ignorant of the use of metals should 
be diligently sought for and carefully preserved. 
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Natural History and Scientific Societies. 

Brighton and Sussex Natural History Society. Annual Report. 
E4ist])ourno Natunil History Society. Papers, 4to. 
Lewes and Rist Surrey Natural History Society. 

Museums. 
Brighton Museum. 

Museum of the Philosophical Society, Chichester. 
Museum of the Sussex Arclueologiftil Society, Lewes. 

Publications of the GEOLOGicAii Survey. 

MapH. - Sheets: 4, Folkestone to Rye ; 5, Hastings, Newhaven, Hailsliam : 
6. Bromley, Chatham, Maidstone, Tunbridge, East Grinstead ; 8, Wokingham; 
Farnham, (ruildford, Dorking, Reigate ; 9, Horsham, Midhurst, Chichest».'r ; 
II, Petersfield. 

Bonks. —Geology of the Weald, by W. Topley, 28s. 

Important Works or Papers on Local Geology. 

List (by Messrs. Topley and Whitaker) of 564 works on the Geology of 
the South-east of England in the " Geology of the Weald," 
Government Survey Memoir, by W. Topley. 

1822. Mantell, Dr. G. A. —Fossils of the South Downs. London. 

1871. Woml, S. v., jun. -Denudaticm of the Weald Valley. Journ. Geol. Soc, 
vol. xxvii. p. 3. 

187 1. Whitaker, W. Chalk at Seaford and Etistbourne. Geol. Mag., vol. 

viii. p. 198. 

1872. Topley, W. —Agricultural Geology of the Weald. Journ. Roy. Agricul- 

tural Soc., series 2, vol. viii. p. 241. 

1872-75. Messrs. Topley, Willett, Woodward, &c. -Account of Progress 
of Su!)-\Veahlen Boring at Netherfield, near Brighton. Reports 
of British Association. 

1878. Dixon. -. — Geology of Sussex, 2nd edit icm, edited by Professor Rupert- 
Jones, 42s. Brighton, W. J. Smitli. 

Sec also General Lists, p. xxv. 

Geologically speaking, Sussex is a highly interesting and favoured county : 
it is composed of a considerable variety of rocks, and these are well exposed 
in numy line sections along the coast, and inland in numerous railway cuttings 
and in excavations which have been made for industrial purposes, such as 
chalk-pits, brick-yards, &c. Much has been written on the geology of thti 
district: the sour hern portion was described by Dr. Mantell in his " Fossils of 
the South Downs," published in 1822, and by Mr. Dixon in "The Tertiary and 
Cretaceous Formations of Sussex," i8'>0; of this valuiible book a sec(.nd 
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edition has lately been published, editetl by Professor Rupert-Jones. Of the 
more northern portion, the principal early explorers were Sir R. Murchison. 
Dr. Fitton, and Mr. Martin. In later times the whole county has been 
geologically mapped by the Government Survey on the Ordnance maps (scale 
one inch to a mile), and in these and in Mr. Topley's splendid work, "The 
Geology of the Weald," published in 1875, ^"^'^ have such minute and accurate 
information with respect to the rock-masses, that only details are left for the 
future obsen'er to fill in. Mr. Whitaker has described the chalk between Sea- 
ford and Eastbourne ("Geological Magazine;* vol. viii.), Mr. Searles V. Wood 
the Eocene shells found so plentifully at Bracklesham (Palaeontographical 
Society's publications), whilst valuable work has been done by Profe.ssor 
Prestwich, Messrs. Godwin-Austen, H. Willett, Rev. E. S. Dewiek, J. E. H. 
Peyton, S. H. Beckles, and numerous other energetic and clever geologists. 

In describing the strata which constitute the county of Sussex we shall 
begin with the oldest rocks — those which underlie all the rest and then 
gradually pass upwards, noting the area occupied by each rock-bed, its nature, 
the fossils it contains, its economic uses, &c. 

The Oolite. — In Sussex we find just the highest Oolitic beds ; they are 
known as- 

The Purheck Bed^. —On the north-west of Battle we find strata of this age 
occupying the surface along a line about 10 miles in length from east to 
west, between Whatlington and Heathfield, but only about half-a-mile in 
breadth from north to south. As at Purbeck, in Dorsetshire, we find two 
sets of limestone beds, with a considerable thickness of shales (about 130 
feet) between. The upper limestones are called the greys^ and the lower the 
hhies ; these limestones have been worked at various points, in Rounden Wood, 
Archer Wood, Poundsford, &c. ; they bum into good lime, and contain numerous 
fossils, mostly of such fresh-water species as Cyrena, Cypri»^ &c. 

The Suh-Wealden Borhiff. At the meeting of the British Association at 
Brighton in 1872 it was resolved to make a deep boring in the neighbourhood, 
in order to ascertain the nature of the rocks which lie far beneath the surface 
in the south-east of England. It was considered possible that seams of coal 
might be found, for Messrs. Prestwich and Godwin-Austen had pointed out 
that the coal-fields of Belgium and the north of France are probably con- 
nected with those of Somersetshire and Gloucestershire. The spot selected 
by Messrs. H. Willett and Boyd Dawkins was in the Purbeck Beds in Limekiln 
Wood, near Netherfield. The boring was commenced and continued to a 
depth of 312 feet, by Mr. J. A. Bosworth. The Diamond Boring Company 
then took up the work, and carried the hole down to a depth of nearly 2,cxx> 
feet, displaying great energy and perseverance in the matter. The following 
strata were met with : — 

feet. 

Purbeck Beds 180 

Portland Beds iio 

Kimmeridge Clay i ,480 

Coral Rag 17 

OxfoM Clay 54 not bot- 
tomed. 
In the Purbeck Beds, at a depth of 121 feet, valuable deposits of gypsum 
were found, about 35 feet in thickness. The remarkable thing, however, 
disclosed by this boring was the enormous thickness here of the Kimmeridge 
Clay, which eflPectually destroyed all hopes of reaching the Palteozoic strata 
at a moderate depth. The Kimmeridge Clay, Coral Rag, &c., com* up to the 
surface, or crop out, on the west in Wiltshire, Bucks, &c., and on the east round 
Calais ; but at its outcrop the former bed is only about one-half the thickness 
which it was found to be below Sussex. As local workers, great praise is 
due to Messrs. H. Willett and J. E. H. Peyton for the aimount of time and 
trouble which they took in connection with this matter. The gj'^psum beds 
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discovered have since been worked, and 5,775 tons (value 6s. per ton) were 
raised in 1 8 79. 

Neocomian Formation. Strata of this age form the country included 
between the North and South Downs : in this area there are two well-marked 
series of deposits : the lower is known as the 

Hastings Bed^. The clays at Fairlight Cliffs near Hastings belong to the 
lower part of this series : they are overlaid by the Ashdown Sands, about 150 
feet thick, and these are again surmounted by the Wadhurst Clay. At the 
base of the last named deposit is a bed of light grey stone, rich in iron, which 
was formerly got in large quantities and smelted by means of charcoal : 
Ashburnham was especially noted for the excellence of the iron pro<luced 
in this manner. Owing to the destruction of the forests, and the use of 
coal elsewhere, the Wealden iron-works gradually decaye<l, and the last 
furnace at Ashburnham was put out in 1828. The top sulxlivision of the 
Hastings Beds is called the Tunbridge Wells Sand, because it is well seen 
near that popular watering-place : near Grinstead it includes a subordinate bed 
of clay. Thus the Hastings Beds consist of alternations of clays and sands, 
the latter preponderating, altogether more than i,cxx> feet in thickness, 
and these occupy the surface between Horsham on the west and the north 
side of Pevensey level on the east, thus forming all the north-east of Sussex, 
and extending over the boundary line into Kent: this is a hilly and pic- 
turesque region ; its highest point, Crowborough Beacon, is 803 feet above 
the level of the sea, Brightling Down being 636 and Fairlight Down 583 feet 
respectively. 

The Weald Clay. Resting upon the Hastings Beds we find a mass of clayey 
strata of considerable thickness: it is !)lue, brown, or yellow in colour, and in 
the west of the county is not less than l,cxx> feet thick, but thins rather 
rapidly as we follow it eastwards. It may be traced between Chiddingfold 
and Petworth, and thence eastwards to the sea by Itchingfield, Shermanbury, 
and Hailsham : it thus forms the low flat tract of stiff land between the South 
Downs and the hilly region formed by the Hastings Beds which we have just 
been describing. About 120 feet a])ove the l>ase of the Weald clay there 
occurs a bed of sand stone, known as Horsham stone, which is worked for 
building, paving, and r<M)fing purposes. There are also one or two Imnds of 
fine-grained hanl lime stone, known as " Sussex marble." These are full of 
the shells of a species of PaUtdhia, and were formerly in request for mantel- 
pieces ; the polishetl altar-stairs in Canterbury Cathedral are of this stone: it 
is now only got for road-mending. 

The Wealden Be<ls contain fresh-water fossils chiefly, together with bones 
of huge reptiles, such as the Iguanodon : they were probably deposited in the 
estuary of a mighty river, which drained a continent then existing on the 
north and west, but since submei^ed and gone. 

The Lotper Greensavd. Several minor l>eds are included imder this term. 
Of these the lowest (resting on the Weald Clay) is called the (l) Atherfield Clay: 
this enters the county near Haslemere, and nms along the l)ase of the hills by 
Farnhurst, curving roimd and passing by Petworth to near Thakeham, beyond 
which point it has not been traced : it is a sandy clay, alx)ut 50 feet thick, but 
is chiefly distinguisheil from the Weald Clay below by its fossils, which are of 
marine forms, including such shells as Patiopea^ &c. 

(2). 7^e Hyt he Beds form the hiUs south of Haslemere, and curve round 
thence byLodsworth, Egdean, &c., but, like the preceding stratum, they rapidly 
thin in this direction, and are not recognisable east of the valley of the Adur. 
Thev are sands and soft sandstones, with a little fullers' earth. 

(3). The Sandgate Beds, which succee<l, are more clayey ; they run from 
Petersfield eastwanls by Pul borough. 

(4). The Folkestone Beds -.we white and buff sands about 80 feet thick, whose 
outcrop is al»out a mile in width ; they form a barren, impro<luctive soil, much 
of which is waste land or heather-clacl common. From Midhurst they nm to 
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Cold Waltham, then, curving by Henfield, we follow them through Hursts 
pierpoint, Barcombe, and past Folegate Station to the sea. Hard beds, known 
as Carston^, are quarried at Pulborough, Fittleworth, Trotton Common, &c. 

Cretaceous Formation: The Gatdt. — ^Everywhere this is a stiff blue clay 
about lOO feet thick. At the base where it rests on the Folkestone Beds we 
find a layer of phosphatic nodules, which are a valuable ingredient in artificial 
manures. 

The Upper Greentmnd. — We now begin to ascend the northern slope of 
the South Downs. At the base we find beds of greenish sandstone about 40 
feet thick, seen at Steyning, Amberley, Bury, Barlavington, and in the cliffs 
north-east of Beachy Head. 

Th^, Chalk. — The South Downs have a somewhat steep, abrupt northern 
slope, but on the south they descend more gently towards the sea. In the 
west, between Bepton and Lavant, the chalk occupies a tract 7 miles in 
width, but it narrows to about 5 miles as we follow it eastwards, until it 
terminates in the magnificent range of cliffs which extends from Brighton to 
Beachy Head. The range is crossed by several transverse valleys, in which 
flow the rivers Arun, Adur, Ouse, and Cuckmere. The highest points are 
Butser Hill (in Hants), 882 feet; Chanctonbury Ring, 804 feet; Ditchling 
Beacon, 814 feet; Firle Beacon, 810 feet; Beachy Head, 532 feet. Com- 
mencing on the north side of the clialk escarpmenjj, we find resting on the Upper 
Greensand a few feet of the Chloritic Marl, whitish, with green grains, and 
containing a few coproWtes. Then comes the Chalk Marl, looking like soft 
greyish, rather clayey chalk, about 50 feet thick; this is overlaid by 
200 feet of Lower White Chalk without flints, which forms all the middle part 
of the escarpment; and, lastly, on the top, and forming the southern slopes, we 
find the Upper White Chalk with flints, about 300 feet in thickness. From the 
layers of flints we can easily determine the inclination or dip of the strata, which 
is to the south at anj;les of from 2 to 5 degrees. The summit and 
northern face of the chalk liills are almost everywhere covered with a short 
close turf, the slope being fortunately too steep to admit of culture by the 
plough ; their beautifully rounded outlines at once reveal their geological 
structure to the experienced eye. Here and there are straggling patches of 
wood, which add to the beauty of the landscape. The tree which above all 
others especially characterizes the chalk is the beech ; but the box, the yew, 
and the juniper also grow well here. The lower slopes are everywhere 
under the plough, and form an excellent* soil. The best places to seek for chalk 
fossils are the large pits where the rock is got for burning into lime, as at 
Burpham, Houghton, Balcombe, Steyning, &c. Here may be found beauti- 
fully marked rounded masses, rather smaller than a cricket ball ; these are 
the sea urchins which crawled about on the floor of the ocean in which the 
chalk was deposited ; when alive they were covered with spines, and these 
are sometimes still to be detected; the genera Galerites, Ananehytes, Mt- 
craster, and Marsupites are most common. Remains of fishes, too, are not 
rare, with sponges and numerous shells. Rubbing up a little of the white 
chalk in water with a tooth-brush, pouring off the milky liquid, and then 
examining the residue witli a microscope, we can perceive countless numbers 
of minute shells known as Foraminifera, of which indeed the mass of the 
rock is composed. We therefore believe that the chalk was formed in some 
ocean in whose waters these tiny beings lived. As they died their hard parts 
sank slowly to the bottom, and in time formed the thick bed of white rock, 
whose cliff's standing out boldly on our southern coasts have earned for 
our country the name of Albion. 

The Tertiary Epoch. — Westwards of Brighton, by Worthing, Little- 
hampton, and so on to GJj^chester and beyond, we find a low plain lying at the 
foot of the chalk hills. The western portion of this plain, near and south of 
Chichester, is composed of beds which repose upon the chalk, and were formed 
at a much later period; these belong to the Eocexe Formation. 
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TliB lowest Eocene (lelxisitH iiro certHiii lieils of mottlei! clny, formerly 
known HH (liB Ptaitic Clay, hut now denominnted the WoUvii'-h oiirf Reading 
Bella. Tliene run through Chichester, nntl tlien between Y»pton himI Anindel 
to H point II little north-enHt of HiBhiiown Hill ; they nre worke<l fi)r hrick- 
making, liut cimtiiinfew fossils. InilipHtionaof theformereaMwHnltiteneion 
of thene beds nre to be foiinil in the outlying patches which Mill remain 
between Brighton nnd Hove, and on the cliffs above Sewhiiven unii Seafont. 

The Bagiior Beds {Lmtdfm CSoy).— Ems worth anil Chichester are built npon 
stmtft which were formed «t about the eame time hs the Lomion Cky, but aa 
they differ in usTenil pArticulurs, it is well to hnre a sepnmte onme for them. 
They also eitend fnun Havling through West Wittering to Bognor. They 
consist of cUys und SHnits, with three or four pebbfe-beds. At- Bognor 
numerous and l>eautiful shetU of the genera Pfrfunndin, &c, maybe obtained 
from the rocks exposed at low wnter. Mr. Whttaker also detected a patch of 
the Lomion Clay resting on the Woolwich Bells at Newharen. 

Thr, Brncktrrkain Bedii. -These form the peninsula which extends south of 
Eamlej and Pag- 
ham toiJelseaBill 



Brack! esliam Bay 
when tlioosHnds of 
fine fossil shells, 
such as Cardita 
planicoHta nni 
VerithiHJii gifftH- 
tram, may be seen 
exposed. Some- 
times, however,! hi' 
whole is covered 

when liiMppoi 

collector. From 
vertelir* fotini! 
hero Profc«wir Fie. WI.-Horw.hoe.««.p«il Plfnt Sonper-rront «nd aid; view.; 

Owen has ile- S"""' ^«>- '!??"i-J""^.""'>'J"^""',''S 'S* ^'"^ '^'°' "* 

., > 19 Berlins Oip,«ft4 Of Eiutboame,bT Mr. John Bvanp. 

scrilieil an Eocene •*■."-" ■■ j 

sea-serpent —Falisephiii /ypAjriu— almut so feet in length. 

Post-Pliocese Deposits.— There is no Iwulder clay or other glacial deposit 
spread ut'er the rocks of Sussex, such as we Hnd in the counties north of the 
'Hiames. At Fagham, near Selsea Bill, however, erratic blacks of granite, 
syenite, ami greenstone, as well as cjf Devonian and Silnrian rocks, are found. 
One of these gmnite masses which Iilir C. Lyell measureil was 31 feet in cir- 
camference. These blocks were probably carrteil by iccbci^ and dropped in 
their present situation. 

The various rivers have formed gravelly deposits along theirralleys, which 
extenl for half-n-mile or so on cither side of their present courses. On 
the coast the sen has in many places wrought great destruction, but the 
material removed from one point is cast npngainiil another, andso have been 
formeil the extonsive flats of Ri>mney Marsh ami Pevcnsey Level. 

PRKiilsTomr Mam w SossBH.^Tmces of the stone age are plentiful in this 
county. The implements founil all l>elonK, however^ the Keoliihic, or newer 
stone period, when man had Ie]irned to delicately chip, grioiL and polish his 
flint and other stone tools, although as yet metals were untnon-n. Colonel 
Lane Fox has shomi that Cissbury, near Worthing, was a regular manufactory 
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of flint implements. In eiatratioDB id the phalk «t thin spot flint weaptins in 
TuriouB MtA$(es of immufacture have been found, together with hammer-HtuneR 
nsed in their fnliHcatiun. Quite recently Mr. Park HarriBOD unnounces the 
disfiiTery of n skeleton, apparently of one of the early workers. 

Alon^r the HontYi UownH an earaeitt seeker may be almuHt eertnin of daily 
finding some trace of prehiBtoric man. Berlin^ Gap and Beltoat,both near the 
western side of Beachy Head, have yieldeil many flint scrapers, flints, and knives, 
(see fl^. SS.) Celts, or flint axe-heads, have Wen fonnd at Telsoombe and Bol- 
mer, near T'almer. At Hove, near Brighton, an oaken coffin wnf found in a l>a^ 
row, or raised monad of earth ; this contained a perforated axe-liead,appHrently 
formed of some hind of ironstone, an amber cup, a vhetstone. and a small 
bronze dagger. An oval perforated stone hammer was found in a tumulus at 
ClifTe, near Lewex, and a lieantifully chippetl flint knife near Eastbourne 
Flint arrow-headH have been found at Hastings; and sereml other phues, 
Htich as Oving, Hardham, Pu11>orough, &c., might be unmed, which have yielded 
speciniens similar to one or other of those aliove mentioned. To discover 
such specimens, it is necessary Grst to learn to diatingniah troriteci fromitatnnil 
flints, which may be readily done by eiamining specimens in mnsemna and 
local collections, and then to watch narrowly all ezcarations, especially those 
which remove the top foot or so of soil over considerable arena, as these 
Neolithic atone weapons usually occur on or near the surface. 
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Birmingham Natural History and Microscopical Society. Annual Report. 
Birmingham Microscopists' and Naturalists' Union. 
Birmingham Philosophical Society. 
Birmingham and Midland Institute Scientific Society. 
Birmingham School Natural History Society. 
Smallheath (Birmingham) Literary and Scientific Society. 
Warwickshire Natural History and Archaeological Society ; Warwick. 
Annual Report. 
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Tamworth Natural History, Geological, and Antiquarian Society. 
Leamington Philosophical Society. 

Museums. 

Birmingham and Midland Institute Museum. 
Aston Hall Museum, Birmingham. 
Queen's College Museum, Birmingham. 
Warwick Museum. 
Mason's College Museum, Birmingham. 

Publicatio.ss op the Geological Survey. 

Maps. Sheet 44, Evesham, Worcester, Cheltenham, Burford. Quarter 
Sheets : 45 N.W. Banbury, Deddington, Chipping Norton ; 53 N.W. Coventry*, 
Rugby, Leamington ; 53 S.W. Southam, Kingston ; 53 N.E. Clipston, Crick, 
Braunston ; 53 S.E. Towcester, Daventry, Weedon ; 54 N.E. Henley-in-Arden, 
Solihull ; 54 S.E. Stratford-on-Avon ; 54 N.W. Kidderminster, Bromsgrove ; 
54 S.W. Droitwich, Worcester; 62 N.E. Lichfield, Tamworth; 62 S.W. 
Wolverhampton, Walsall, Dudley ; 62 S.E. Sutton Coldfield, Birmingham, 
Coleshill ; 63 N.W. Market Bosworth ; 63 S.W. Atherstone, Nuneaton ; 63 
S.E. Lutterworth. 

Books. Geology of the Warwickshire Coal-field, by Howell, is. 6d. 
Triassic and Permian Rocks of the Midland Counties, by E. Hull, 58. 

Importa.vt Works or Papers ox Local Geology. 

List by Whitaker of 132 works, in Report Rugby School Nat. Hist. 
Soc, 1873. 

1856. Brodie, Rev. P. B. Upper Keuper Sandstone of Warwicksliire. 
Joum. Geol. Soc., vol. xii. p. 374. 

1865. Brodie, Rev. P. B.- Lias Outliers at Knowle and Wootton Wawen. 
Joum. Geol. Soc, vol xxi. p. 159. 

1869. Huxley, Prof.— On Hyperodapedon. Joum. Geol. Soc., vol. xxv. p. 138. 

1874. Miall, L. C. — Labyrinthodonts from the Keuper Sandstone in the War- 
wick Museum. Joum. Geol. Soc., vol. xxx. p. 417. 

1878. Tomes, R. F. Corals of the Lias Joum. Geol. Soc, vol xxxiv. p. 179. 
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1S79. AUport, S. — Diorites of the Warwickshire Coal-field. Joum. Geol. See, 

vol. XXXV. p. 637. ' 

1879 Ingram, Rev. A. H. W. —Superficial Deposits near Evesham. Joum. 

Geol. Soc, vol. XXXV. p. 678. 
1880. Andrews, W. —Superficial Deposits near Coventry. Trans. "Warwick 

Field Club, p. I. 
1880. Andrews, W. -Boreholes in Permian Rocks at Coventry.— Trans. 
Warwick Field Club, p. 29. 

See also General Lists, p. xxv. 

Is the Report of the Rugby School Natural History Society for 1873 there is 
a list of no fewer than 132 pjipers which have been written on the geology of 
this county : of these 21 are by the Rev. P. B. Brodie, of Rowington, who has 
been indefatigable in his efforts to promote the study of his favourite science. 
The district was mappe<l geologically by the ofl&cers of the Survey between 
1852 and 1859, and if the reader obtains these maps, and also >Ir. Howell's 
memoir on the Warwickshire coal-field, he will find them to contain full and 
accurate obsen*ations on the subject. 

In giving a brief outline of the rock structure of Warwickshire we shall 
commence with the coal-field, because the strata composing it are older than 
any other in the county, and form the foundation upon which newer beds 
repose. 

The Carboniferous Formatiox, then, occupies the surface over a compara- 
tively small area east and south-east of Tamworth ; and Shuttington, Kings- 
bury, and Baddesley Ensor are respectively near the boundary line to the 
north and south. From these points a long narrow strip extends past Ather- 
stone, Stockingford, Nuneaton, and Bedworth, which ma^rks the north-eastern 
ed<re of a basin, the remainder of which is concealed by beds of Permian age, 
which cover it up to the south and west : a patch, however, peeps out near 
Arley, having been brought up by a fault. 

The Millstone Grit is the lowest rock exposed, and it forms a high ridge 
between Nuneaton and Atherstone : it is traversed by intrusive beds of a 
volcanic rock, commonly termed greenstone, but whose proper scientific mime 
is diorite, consisting of the minerals felspar and hornblende : these have so 
heated the grit that it is changed into a hartl quartz rock. The junction 
may be seen in quarries near Tuttle Hill and Hartshill : here the millstone 
grit is about 500 feet thick, and is extensively quarried for road metal. At 
one time it was worked for manganese, the presence of which imparts a 
general pinkish tint to the beds. The dip or inclination of the strata is to 
the westward, at a considerable angle, so that they soon pass under and are 
overlaid by 

The Coal-vicasures, of which there is a tolerably complete series, although 
the total thickness of the beds, some 3,CXX) feet, is much less than in the great 
northern and western coal-fields. At the base we find 1,500 feet of reddish 
shales, containing no coal-seams, and, like the Millstone Grit, traversed by 
dykes of intrusive greenstone. Above these is about an equal thickness of 
shales, clays, and sandstones, containing five workable seams of coal, having 
an aggregate thickness of from 26 to 30 feet. Lastly, at the top we find 50 
feet of sandstones and shales, with a bed of limestone at their base, called 
erroneously the "fresh-water limestone :'' it contains a small rolled-up serpula, 
Spirorbis {Mieroconchiis) carhmiarius. The outcrop of this bed is obscure, but 
it runs from Sybil Hill, near Kingsbury, round by Baddesley Ensor, White- 
ford, Stockingford, and so on past Bedworth. In the collieries east of this it 
would of course not be met with, but we should expect to find it in the shafts 
of those on the west and south, as was indeed the case at Exhall : it also 
crops up in the inlier at Arley. Its thickness is from 2 to 3 feet : the pre- 
sence here of this limestone is important, as it is an indiciition that the Coal- 
measures certainly extend to the westward under the Permian sandstones, 
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and at a deptli probaMy not exceeding 2,500 feet. In fact, if we draw a line 
past Bedworth, through Wyken, Coventry, and Wan^ick, and thence round on 
the west by Kenilworth, Berkswell, and Whitacre, we shall mark out an area 
beneath which at some future day coal will almost certainly be proved to 
extend. 

Commencing in the south we find, in the Wyken and Hawksbury pits, a 
mass of coal about 26 feet thick, comparable with the " Ten-yard seam " of 
South Staffordshire. There are, however, some " partings " of fireclay, and 
other indications which enable us to separate this mass into the Two-^*ard, 
Bare, Rider, Ell, and Slate Coals. About 40 feet below the last-mentioned 
we get the '"Seven-feet" Coal. At Bedworth the section is much the same ; 
but going northwards, we find, just as in Staffordshire, that the divisions of 
the thick coal begin to be separated one from another by beds of sandstone 
and blue clay, or " bind." Passing Griff and Haunehwood, we see at Poles- 
worth about 100 feet of such beds between the Ell and Slate Coals, while the 
Rider and Bare Coals have thinned out and are altogether wanting. For an 
explanation of this phenomenon we can only repeat what has been already 
said about South Staffordshire. Our coal-seams were doubtless formed by the 
long-continued growth and decay of vast forests, the imder-clay which we find 
beneath every seam of coal constituting the soil in which these ancient forests 
grew. Now about Bedworth the growth and decay were uninterrupted, but 
towards the north the land at inter\-als slowly sank beneath the sea, allowing 
beds of sand and clay to become interstratified with the vegetable matter. 
Finally, the whole area sank beneath the level of the ocean, and under heat 
and pressure the masses of ferns, reeds, palms, mosses, &c., were compressed, 
forced to part with much of their substance in the form of gases, and became 
the black combustible substance now known as coal. 

The "Seven-feet " Coal is a verj' continuous seam, and about 120 feet below 
it is the Bench Coal, which at Baddesley Colliery is 17 feet thick, with a 
parting of fire-clay 2 feet thick. There are also some good bands of ironstone. 
As in the Millstone Grit, there are several intrusive beds of basalt : large 
masses of this igneous rock occur at Merevale, Atherstone, and at Dosthill, 
about 2 miles north of Kingsbury. Here the nearest coal-seam has been sti 
burnt as to be rendered useless. In the railway cutting near Chilvers Coton 
there is a good section of four dykes of diorite^ one of which can be traced 
southwards to Marston Jabet, near Bedworth, where it is quarried for paving 
purposes. (See fig. 89). 

In the ''Mineral Statistics" for 1874, there are 29 collieries enumerated in 
the "Warwickshire ccjal-field, and the amount of coal laisetl in that year was 
851,500 tons. Of ironstone (argillaceous carbonate, and black band), 92,214 
tons were raised, valued at ;^39,528. In 1879 there were 31 collieries, yielding 
1,060,016 tons of coal. 

The estimate of the resources of this coal-field, made by Mr. J. T. "Wood- 
house in 1871 for the Coal Commission, is a favourable one. He takes the 
area at 30 square miles, and the amount of coal imworked at 810 millions of 
tons, of which there can be got, say, 455 millions of tons. Considering that 
this district is the nearest coal-field to London, it is rather surprising tliat it 
has not been more energetically worked, but the future will doubtless see the 
annual output largely increased. 

The Pekmiax Form ati ox. Covering the Coal-measures from Baddesley 
Ensor on the north to within 2 miles of Warwick and Leamington on the 
south, there occur beds of red, brown, and purple sandstones and red marl, 
with here and there a bed of calcareous breccia or conglomerate. The total 
thickness of these beds is about 2,000 feet, and good sections are exposed in 
the large quarry near Kenilworth. It is to Professor Ramsay that we owe 
the determination of the true age of these beds : he also found indications in 
the breccias of glacial action. The Permian beds rise near Corley to a height 
of 625 feet above the sea. Few fossils are found in them, but remains of a 
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largB reptile, Danffctpt Backlaadi. turned up neiir Kenilwortli. In a qiuiMy 
formerly irurked neitr Eihiill obecure atata »t h sliell allied to StropAai^ia 
icere (uuud. together witli large fragmeuts of silirified iruud, now in (he 
WHrniok lluneum. 

Tile Tuiah.— Wmpping all ruund the nipita we liave been hichertu deacrib- 
inf; we find H considerable thickncHS of red and motUed nwrlH, with here and 
there baniU of BHniliitune, and pebble bedii neur the Imse. The latter belung to 
the Bimltr dirisiiin, as it in termed ; they form the high gruond between 
Kirminglmtn and Lichfield, and hIbu crop out near PoleBworth. 

The Lvwer Keuper tiaudnfoHtii, w Wateritoaes, come ntit in aitcend- 
ing onler : they are aliuut zoo feet thick, and abuve them we find 6oo 
or 700 feet of reel Keuper MarN, with rme iir two irregular luindii of white 
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natulHtune. These red beds were prolmlily deposited in inmiense inland suit 
laken; frequently ihey contain casts of salt, crj'stals ; gypsmn is common ; 
whilst ripple marks and false-bedding tell uh of slmllow, disturbed waters. 
Footprints of stmnge reptiles are not uiiconunon, together with the tiny shellH 
of H small crustacean, Kulheria iiiiHSla, and teeth atxl dorsal opines of flshes. 
Fossils are, however, very iiearee in theno ImmU, but the Warwick Museum 
ixissesses prolnbly the lifst collection of these Triassic remains to Eie seen in 
KngUnil; it is especinlly nch in remains of the Lahyriiithodoti, raontXy 0I1- 
tained from uuarrieB in the waterslones at Colon Knd and near Warwick; 
the.-e have lately been flgureil and described by Protecsor Jliall, in vol. ui. 
iif the Gtological Sooiely's Jonmal. 

')n the west the Triatsic ami Permian iMids occupy all (be gnmnd between 
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the Warwickshire and South StaffortUhire eoal-tield«, from each of which they 
are cut off by faults, this centnil region, in which Birmingham, Coleshill, and 
Sutton Coldfield are the principal towns, l)eing let down as it were between 
the two coal-lields. Thus, though it is likely enough that coal may exist 
beneath this part, yet it probably lies at such a depth (3,000 to 5,000 feet) 
as to prevent its being profitably worked. 

The Rilbtiu Beds. — Towards the top of the Triassic strata we And the red 
marls frequently alternating with bands of grey and blue, the difference of 
colour being due to the iron in the latter existing in the state of a carbonate 
or protoxide, while in the red marl it exists as a peroxide. At last we come 
to 10 or 15 feet of black shales, which mark the commencement of the Rhaetic 
series, and of a new state of things. The famous Rhaetic " bone-bed " is a 
thin layer of rolled and broken bones, scales, teeth, and spines of fishes, &c., 
which is usually found at the junction of the black shales with the grey marls 
beneath. Above the shales we find 30 or 40 feet of light and dark coloured 
clays, with nodular bands of limestone, one of which contains Eatheria. The 
molluscs named Avicula cmitarta and Cardium RhcBthtna are the character- 
istic shells, and altogether the Rhsetic series seem to be beds of passage 
between the Trias below and the Liassic beds above. Owing to the softness 
of the strata and the fact that the rocks have no commercial value, there are 
few good sections of these beds to be seen. They have been noted at Church 
Lench, near Evesham, at Wotton Park, near Alcester, and in the railway 
cuttings near Stratford-on-Avon. The upper division, sometimes called the 
White Lias, has been prove<l at Wilmcote and Binton, and Mr. Bnxlie has 
detected outliers at Wootton Wawen and at Copt Heath, near Knowle. 

The Lias. — Rimning in a broad band along the southern and eastern edge of 
Warwickshire, we find thick beds of shale, with limestone towards the l>ase, 
to which from the regularity of their bedding, as seen in quarries, the term 
" layers " or " lyers " was applied by the workmen, a term which has been 
julopted by geologists as a name for the formation. If we pass from Stratford 
by Loxley, Upton, and Harborough Magna, we shall have just skirted the 
western edge of these l)eds. The Lower Lia^ is characterized by valuable beds 
of limestone, noted for their property of setting under water. These are 
largely quarried at Stockton, Harbury, Wilmcote, Binton, Grafton, and at 
several places near Rugby. They are highly fossiliferous, containing many 
AiiuitoHitvn, numerous bivalve shells, as OstreUy Lima^ &c., with remains of 
insects, plants, fishes, and notably bones and even entire skeletons of the 
PlesioMiitrun and Ichthyosaurus, gigantic saurians or lizard-like reptiles which 
inhabited the bays and estiutries of thH Liassic sea. The total thickness of 
tlie Lower Lias is here about 600 feet. In the boring for water at Rugby 
400 feet of this was pissed througli, below which came 7 feet of beds 
assigned to the Rhaetic series, and then nearly 700 feet of Keuper marls, the 
wat erst ones being pierced at 1,140 feet: a rush of water followed, but it 
proved to be so impregnated with salt and gypsum as to be useless for drink- 
ing puri)<)ses. 

The Middle Lias, or Marlsfotie, is found clipping Edge Hill : it is also present 
at Fenny Compton, where it has been presented by a fault running in a north- 
west and south-oast direction. There are quarries on the Avon Basset Hills, 
where it is got for building stone ; it is a hartl, ferruginous limestone, of a 
reddish tint where weatliered, but naturally of a bluish-green colour. Terehra- 
ttda mmrfata is tlie commonest fossil. 

The Upper Lias Clays present few features of interest ; they form the slopes 
of the Oolitic escarpment. 

The Oomtb. In tlie extreme south-west we have the critical region where 
it was formerly thought that the Inferior Oolite of the Cotteswolds died out 
and came to an end, on the west side of the Vale of Moreton. But Professor 
J. W. Judd has shown in a masterly manner that this is not the wise, but tliat 
the .iW^//ff ////>/ ow iS'flWf/ is its equivalent. At Brailes Hill and all along the 
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ridge of Long Compton we find beds identical with those of Ilmington Downs 
and Ebrington Hill, on the other side of the Vale. 

Near Long Compton, which is within the county, and in an outlier at Cher- 
rington, we find beds of white freestone, underlaid by sands containing 
Ammonites Murchisotiia and other characteristic fossils. 

The Drift. — Scattered irregularly over the rocks we have been describing 
there occur beds of sand, gravel, and clay, these being relics of a much later 
time, when this country was submerged beneath an icy sea, a time which we 
term the Glacial Perioil. Great masses of syenite, evidently torn oflf the rocks 
of Charnwooil Forest, have been fomid near Rugby, but generally the boulders 
are small, not exceeding a foot or two in diameter. Pebbles of Silurian rocks 
are common, with chalk-flints, quartz pebbles, &c. The locality and rock from 
which the extremely hard, well-rounded quartzite pebbles were derived, is a 
very interesting question ; almost ever\'where in this county they are used for 
road-mending, and may be seen lying in heaps b}"" the road-sid«. About one 
pebble in ten thousand contains a fossil, usually a shell of some kind or other, 
and it is only by collecting a large number of these fossils that the question 
as to whence the pebbles have come from can be solved. 

Of still later age are the river gvavels of the Avon, which have yielded at 
Rugby a fine jaw of rhhioceros, and at "Warwick and Leamington remains of the 
mammoth, an extinct species of elephant. 

Prehistoric Max. — None of the roughly-chipped flint implements assigned 
to the Palaeolithic age have been found yet, but of the newer, or Neolithic 
Stone age, when man had learned to polish his rude weapons, we have several 
examples. In Barlett's History of Mancetter there is an engraving of a per- 
forated stone axe, found on Hartshill Common in 1770, in a small tumulus, and 
one of similar character was found in draining at "Walsgrave-upon-Sowe, 
near Coventry. A quern, or stone mill, used for grinding corn, which 
was found near Rugby, is probably of a much later date, as it has an iron i)in. 

But with the advent of man Geology merges into Physical Geogr.iphy, 
Archaeology, and Historj*. 
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Natural Histokv asd Scientific 8ocietik». 

Museums. 
Museum of the Natural History Society, Kendal. 

Publications op the Geological Survey. 

Maps. — 98 S.E. Kirkby Lonsdale ; 98 N.R Kendal, Sedbergh ; I02 S.W 
Ulleswater. (Survey not completed.) 

Books. — Geology of the Northern Part of the English Lake District, ^>y J. 
C. Ward, 9s. Geolc^^ of Kendal, Windermere, Sedbergh, and Tebay, by 
Aveline and Hughes^6(l. Geology of Kirkby Lonsdale and Kendal, by Aveline, 
&c. 2S. 

Important Works ok Papers on Local Geology. 

1862. Harkness and Salter. — The Skiddaw Slates. Quart. Joum. Geol. Soc., 
vol. xix. p. 113. 

1864. Murchison and Harkness. — Permian Rocks of North-west of England. 

Quart. Joum. Geol. Soc., vol. ix. p. 144. 

1865. Harkness. -Lower Silurian Rocks at base of Pennine Chain between 

Melmerby and Hilton. Quart. Joum. Geol. Soc., vol. ixi. p. 235. 

1867. Hughes, McKenny. — Break between Upper and Lower Silurian Rocks of 

Lake District. Geol. Mag., vol. iv. p. 346. 

1868. Nicholson. — Geology of Cumberland and Westmorland. Hardwicke. 

1869. De Ranee, C. R — On the Surface Geology 3J the Lake District. Geol. 

Mag., vol. vi. p. 489. 

1869. Nicholson, H.A. — Plants in Skiddaw Slates. Geol. Mag., vol. vi. p. 494, 

1870. Harkness. —Distribution of Wasdale Crag Blocks. Quart. Joum. Geol. 

Soc., vol. xxvi. p. 517. 
1872. Tiddeman. — The Ice-sheet in Westmorland. Quart. Joum. Geol. Soc., 

voL xxviii. p. 471. 
1872. Aveline. — On Continuity and Breaks in Silurian Strata of Lake District. 

Geol. Mag., vol. ix. p. 441. 
1874. Mackintosh. — Traces of a Great Ice-sheet in Southern Part of Lake 

District. Quart. Joum. Geol. Soc., vol. xxx. p. 174. 

1874. Goodchild, J. G. — Carboniferous Conglomerates of Eastern Part of 

Eden Basin. Quart. Joum. Geol. Soc., vol. xxx. p. 394. 

1875. Goodchild, J. G. — Glacial Phenomena of Eden Valley and West York- 

shire Dales. Joum. Geol. Soc., vol. xxxi. p. 55. 
1875. Ward, J. C. — Glaciation of Southern Part of Lake District. Quart. 

Joum. Geol. Soc., vol. xxxi. p. 152. 
1875. Ward, J. C. — Granitic and Metamorphic Rocks of Lake District. 

Quart. Joum. Geol. Soc., vol. zxxi. p. 568, and vol. zxxii. p. i. 
1877. Harkness and Nicholson. — Strata between Borrowdale Series and Conis- 

ton Flags. Quart. Joum. GeoL Soc., vol. xxxiii. p. 461. 

X 
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1877. Topley and Lebour. — On Intrusive Character of Whin Sill. Quart. 

Joum. Geol. Soc., vol. xxxiii. p. 406. 

1878. Crofton, Rev. A. — Notes on Geology of Shap District. Trans. Man- 

chester Geol. Soc., vol. XV. p. 234. 

1878. Marr, J. E. — Life Zones in the Silurian Rocks of Lake District. Quart. 

Joum. Geol. Soc., vol. xxxiv. p. 871. 

1879. Bonney and Houghton. — Mica Traps from Kendal and Sedbergh Districts. 

Quart. Joum. Geol. Soc, vol. xxxv. p. 165. 
See dUo General Lists, p. xzv. 

The rocks of this county must be studied in connection with those of Cumber- 
land ; the Fumess district too is geologically a part of Westmorland. 

All the strata belong to the Palaeozoic group — the oldest division of the 
aqueous rocks ; their great age, and the heat and disturbances to which they 
have been subjected, have so hardened and altered them as to enable them to 
resist the leveling agencies of the weather, so that we now find in this corner 
of England a miniature mountain group. 

The general structure of the region may be roughly described as consisting 
of a central mass of Silurian Rocks, round which circle beds of Carboniferous 
and Permian age ; the northern and more perfect half of this area forms the 
county of Cumberland ; the southern half constitutes Westmorland. The 
foundation of all our geological knowledge of this county rests on the work done 
by Professor Sedgwick between 1 830 and 1 845 ; Professor Buckland and Messrs. 
Hopkins and D. Sharpe added minor details at this time. Within the last ten 
years numerous papers by Professors Harkness and Nicholson have appeared in 
the Reports of the British Association, and in the Journal of the Geological 
Society. Mr. J. G. Marshall has advanced the theory of the metamorphic 
origin of the granites, and Messrs. J. Clifton Ward, Marr, Tiddeman, Mac- 
kintosh, Bolton, and others have done useful private work. For the practical 
geologist, however, there is no guide like the coloured one-inch maps of the 
Geological Survey, executed by Professor McKenny Hughes, Messrs. Tiddeman, 
Goodchild, C. T. Clough, &c, under the direction of that experienced Silurian 
geologist, Mr. W. T. Aveline. 

We shall begin our description of the rocks of Westmorland with those 
beds which are known to be the oldest, from the fact that they are seen to be 
at the bottom, or lie under all the other beds. 

Lower Silurian Formation. — The strata known as the Skiddaw Slates, 
which occupy so much of •the surface of Cumberland, only crop out in three 
small isolated areas in Westmorland : the first of these is in the course of 
Eggbeck, on the south shore of UUeswater ; the second in Rossgill Beck and 
Thomship Beck, west of Shap ; and the third on the east side of the Pennine 
Fault, in a narrow strip between Hilton and Melmerby. Here the Skiddaw 
Slates are finely exposed in EUergill Beck, where they consist of dark shales 
and flags containing graptolites. Professor Nicholson obtained plant remains 
from the upper beds of the Skiddaw Slates in Thomship Beck, near Shap. 

Volcanic Series of Borrowdale. — These are the " Green Slates and Por- 
phyries " of Sedgwick. They consist of matter ejected from the craters of 
volcanoes which must formerly have been in active eruption in this region, 
but whose cones have long since been swept away. Their total thickness is 
about 12,000 feet, composed of layer upon layer of ashes and breccias which 
accumulated upon the land surrounding the old volcanoes. Some of the beds 
are of very coarse material, consisting of lumps up to several feet in diameter ; 
these must mark more violent eruptions, or proximity to the volcanic sources. 
Other beds are of the finest powaer, so that, having been since subjected to 
great pressure deep down in the earth, they now yield good slates. No traces 
of life, no fossils, have been found throughout this great series of stratified 
volcanic rocks. (See fig. 90). 

Entering the county all along its northern and western boimdaries from 
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Ulleswuter to ■Windermere, the Borrowdnle Series eitenda aouthimrtU as tar 
as a li[ie drAwn from Ambleside lo Wawlale Crag near iih»f. while H line 
from the latter point to the eaiic end of Ulleswater miirLi its eastern 
Imundary. Within thusB limits the rocks rise in boldja^ed and strrated 
elevations, forming the heights of Helrelljn (3,055 feet), Fairfltld (2,950 feet). 
Bow Fell (1,914 feet). Rydal Head (z,9iofeet),High Street (2,700 feet),HHrri son 
Stickle (1400 feet), Stony Core (2,502 feet). 111 Bell, Froswick, Tarn Crag, &o. 

This re^on forms the watershed from which the stream called Troutlieck 
and the nvers Kent and Sprint run southwards to tlie sea through the 
valleys of Troutljeet, KentJale, and Long Sleddale. " These deep, well- 
cultivated, and often flal-liottonied valleys, with their small farm-lioases, 
form a slriking ^nd pleasing contrast to the rocky hill-sides and high, unculti- 
vated fells covertd with heather and peat." The Borrowdale Series also occurs 
in the inlier of old rocks north of Hilt«n. where it forms Duftfln Pike (1.578 
feet) and Knock Pike (1.306 feet)- 

The strike or " run of the Borrowdale Series is from south-west to north- 
east, and the general dip or slant or inclioalion of the strata is, of course, at 
right angles to this ant to the south-east, in which direction they puss under 
the Coniston Limestone. But their dip is by no means constant in this 
direction: as we cross the Hoe of strike, by walking for instance from Keswick 
to Amhtesiile, we shall notice continual undulations of the beda, and the high 
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central ridge is c«UHe<l by the strata lying in the form of an inverleil arch or 
synclinal curve, which has enabled them to welf resist denmlation. Many 
quarries have Wen opened in the slates, but few are now worked. Several 
mineral reins or lodes, too, traverse the rocks ; the lead-mine of Greenside in 
Palterdale is one of the most valuable in the North of England : in 1S77 it 
yielded 1,600 tons of ore, from which 1,133 to°» "f lead and 15,726 oes. of 
silver were extracted ; total value, j£^20,8il. 

In Wales we find in the Lower Silurian rocks, traces of faio well-marked 
periods of volcanic activity, one in the Llandetlo Flags, the other in the 
Bala Beds, the slaty beds Ijetween representing ordinary marine muds and 
marking an interval of quiescence. In the Lake District it would appear that 
volcanic action went on uninterruptedly, ho that the BorrowiLile Beds pru- 
liably represent holh the alwve-named divisions of rocks of North Wales. 

Coaigton Limatone Stries. — At last the volcanic agencies l«came exhausted, 
and a depression of the land ensued, until the surface »iok far below the sea- 
level, and above the volcanic series beds of limestone and shale were formed. 
The Coniston Limestone is a hard compact greyish blue, grey, or nearly black 
rock ; it will not bum into lime, and is of little use for building, for it rapidly 
decomposea when exposed to the air. when the numerous fossils which it 
contains stand out in relief, although the UDweathered rock shows hatdly a trace 
of oi^nic remains ; associated with the limestone are beds of shale, which 
are highly fossiliferous, containing many corala, crinoids, and brachiopods 
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na Orthu vapertUio, ffeltclites, &c. ; hj the similarity of the fossils the 
Coniston Limestone is known to be of the same age as the Bala Limestone 
of North Wales. 

Commencing at 9imnj Brow, 2 miles soath-west of Ambleside, we follow 
these Coniston beds eastwards to the north side of Town Head, Troutbeck, 
where a north and south fault displaces the l>eds I mile to the southward ; 
thence they run past Stile End and north of Stockdale to High House Fell ; 
from this point the country is very oljscure, beii^ covered by drift and peat, 
but we see the limestone once more at Shap Wells, though here it is much 
broken up and altered. East of Kentmere an interljedded mass of light 
flesh-coloured or pink felspathic rock (an old lava) is seen between two lime- 
stone beds ; it is 700 feet thick in Stockdale Beck and Long Sleddale. The 
Coniston Limestone is seen again at Keisley, on the east of the Pennine 
Fault, and it is also brought up on the east of the Lune, in Helm Gill, just 
outside the county boundar}*. 

This well-marked calcareous stratum rests unconformably on the Borrow- 
dale Beds lieneath, and like them has a general southerly dip ; the thickness 
varies from 300 to 600 feet, increasing as we follow it westwards. 

Upper Silurian Formatios. — The Ijase of this series is marked by a con- 
glomerate l>ed, above which come pale and black shales and mudstones, called 
the Stockdale Shales, which are the equivalent of the Tarannon Shales of 
Wales ; they form a narrow Ijand at the surface, not a quarter of a mile wide, 
immediately to the south of and resting upon the Coniston Limestone, to 
which they are unconformable. No representatives of the Llandovery Rocks 
of Wales occur in the Lake district. 

Coniston flags and Grits.— " The flags consist of dark blue sandy mudstone, 
showing fine lines of lamination and splitting into good flags when the cleavage 
and l^edding coincide or nearly so, and into rough slabs when the cleavage is 
across the bedding. The grits consist of thick beds of tough sandstone, or 
grit with interstratified slates or flags." These beds are from 6,000 to 7,000 
feet in thickness between Windermere (north end) and Troutbeck : from this 
point they form a very r^:ular band about 2 miles in width eastwards by 
Applethwaite Common, Hugill Fell. Skeggles Water. Long Crag, and Lord's 
S^t, to Birkbeck Fells, south of Shap, the strata dipping steadily south- 
east at from 60 to 80 d^rees. 

After passing under newer rocks these beds rise up again and form a lai*ge 
tract round Whinfell Beacon and Grayrigg Forest, extending eastwards between 
Bridge Inn and Howgill Station to the Langdale Fells and Cantley Crags. 
The Coniston Grits are also brought up on the east side of the Lune Valley, 
forming Holme Fell, Middleton Fell, and Barbon Fell. Fossils are not very 
conmion or well preserved in this great series of hardened sandy mud-beds ; 
Cardiola interrupta is a well known shell, orthoceratites and graptolites are 
not unfrequent. 

Bannisdale Slates. — ^These are correlated with the Wenlock and Lower 
Ludlow Shales. They may be described as coarse sandy slates, ** often much 
cleaved and jointed, never making good slates, but often large rough slabs, 
quarried for paving or building stones."* The only tolerable slates were 
formerly worked in the higher part of the valley called Bannisdale, at the 
very liase of the scries. 

They occupy a very wide stretch of country from Windermere Station, 
Bowness, and Winster on the west, to Underbarrow, Staveley, Sleddale Forest, 
Potter Fell, Bretherdale, and Tebay Station, undulating rapidly, with a very 
irregular surface, due to the frequent alternation of haid and soft beds; 
*' between Kendal and Windermere, the Bannisdale Slates may be said to be 
crumpled or puckered, so numerous are the rolls."' The total thickness of 
this division is about 5,000 feet ; fossils are rare. 

Hay Fell and Kirkby Moor Flags. — From the north of Staveley a band of 
hard, thick-bedded sandstones can be traced running north-east, and with an 
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outcrop about half-a-mile wide to High Borrow Bridge ; these are the Kirkby 
Moor Flags, brought in by a sharp synclinal curve, and bounded on the south 
side by a broken line ef fault. Passing southwards, we find the great mass 
of this division lies between the main road from Kendal to Kirkbv Lonsdale 
on the west and south, and the Lune on the east, forming all tne coimtry 
round Old Hutton, Audland, and Mansergh. In this high and bleak district 
Benson's Knot (1^035 feet) and Lambrtgg Fell (1,109 ^^^.t) are conspicuous 
points. Fossils are numerous, especially the shells ffolopella greqariaf 
Pterbiea retroflexa^ and Chofietes lata, occurring generally in layers, which as 
they decompose form lines of soft brown earthy rock in the hard grey sand- 
stone. The total thickness of this series is above 2,000 feet ; it is of the same 
age as the Ludlow Beds of Shropshire, &c. 

Thus the Silurian rocks of the Lake district attain the enormous total 
thickness of 36,000 feet, of which the lower half is found in Cumberland, and 
the upper half in Westmorland. The middle of this period was marked by 
volcanic operations on a grand scale, but the lower and upper series of beds 
were tranquilly deposited as mud and sand on ancient sea-floors. 

Intrusive Igneous Rocks, —With the ejKcsptiqn of the basaltic rock called 
the Whin Sill, which is described further on, m connection with the Carboni- 
ferous Limestone of the Pennine Chain, all the intrusive igneous rocks of 
Westmorland are found in the Silurian strata. 

The well-known "Shap Granite" occupies an area of 4 or 5 square 
miles on Shap Fells, rising at Wasdale Crag to a height of nearly 1,500 feet ; 
it is a beautiful rock formed of crystalline quartz, plates of black mica, and 
small crystals of red and white felspar ; but its distinguishing feature is the 
presence of numerous very large oblong crystals of pink felspar, often from 
I to 2 inches long, so that boulders of this rock look " like a lump 
of pudding studded with large raisins." This granite is largely quarried for 
building stone, and is polished for many ormimental purposes. It is clearly 
intrusive, having burst through the aqueous rocks just at the junction of the 
Borrowdale Series with the Coniston Limestone ; the surrounding rocks are 
greatly altered, the Coniston Limestone being converted into a crystalline 
marble, while the ash-beds are changed into a foliated felspathic rock. 

Many trap dykes, or narrow more or less vertical sheets of igneous rock, also 
traverse the Silurian strata ; some of these are granitic, like those south-east 
of Shap, which are doubtless offshoots from the main mass of Wasdale Crag. 
Fdstone dykes, usually compact and of a red tint, occur near High Borrow- 
dale, on Fotter Fell, east of Staveley, &c. ; dykes of micar-trap or minette, 
usually compact and dark grey in colour, are seen at Barley Bridge and Gill 
Bank near Staveley, Docker Fell, Uldale Head, &c. 

Carboniferous Formation. — We now know that no strata belonging to the 
Old Red Sandstone age occur in Westmorland. Since elsewhere we find rocks 
more thjin 10,000 feet thick belonging to this period, we see that there is a 
marked gap or hiatus in the geological formations of Westmorland. 

Carho^iiferous Con<jlotnerate. — Resting very irregularly on all or any of the 
Silurian beds, we note thick, coarse conglomerates made up of rounded and 
angular fragments of Upper Silurian rocks, and between 200 and 300 feet in 
thickness. These beds are seen south of Gaisgill Station and along the Birk- 
beck to Bampton and the east end of Ulleswater ; detached patches are found 
at Greyrigg and Skelsmergh Hall north of Kendal. Whether these beds 
represent old glacial deposits (as Professor Ramsay thinks), or are simply a 
beach or shore accumulation,, is not oertainlv decided. 

Carhmiifercnis or Momitain Limestone. — This is a greyish or greyish-blue 
rock weathering to a lighter tint. Its main outcrop forms a band 2 or 3 miles 
wide from Lowther Castle by Shap, to Orton and Crosby Grarret ; dipping 
eastward, the beds pass under the Permians of the Eden Valley, on the east 
side of which they are again brought up by the Pennine Fault to form the 
escarpment of the Pennine Chain ; thick beds of reddish sandstone occur 
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near the Ita^e ; the thickness of the mountain limestone, with its intercalated 
l)ands of sandst jne and shale, is not much under 3,000 feet. 

In the south of Westmorland similar beds extend from Kirkby Lonsdale 
westwanls by Button Roof and Farleton Fell to Burton-in-Kendal and Miln- 
thorpe, and thence northwards to Kendal and across the river Kent to Whit- 
barrow ; in this part the junction with the Silurian beds is everywhere a line 
of fault. Two outliers occur north-east of Kendal. 

The Mountain Limestone forms picturesque escarpments called " scars ; " it 
is traversed by many fissures, on whose sides ferns grow luxuriantly, and 
" ^ink-holes '* or " swallow-holes " abound, in which the streams disappear, so 
that the surface of the rock is usually dry. The loose surface blocks of lime- 
stone weather into most fantastic shapes, and are often to be seen on 
rockeries. Fossils are numerous, especially near the bottom and top of the 
formation, corals, encrinites, and large brachiopod shells abounding in the 
shaly Itands ; in the central compact grey limestone they are rarer, and very 
difficult to extract. 

The Carboniferous Limestone is extensively quarried for building purposes, 
road-mending, and burning into lime ; near Kendal it is cut and polished for 
marble. 

Veins of lead-ore (galena) are worked at Hartley, near Kirkby Stephen ; 
150 tons, \-rtlue ^f 1,800, were obtained in 1877. Of hematite (iron-ore), 8,000 
tons, value ^^4,800, were obtainetl. 

Li the Carboniferous Limestone of the Pennine Chain there is a fine 
example of an intrusive sheet of igneous rock, called the Grtat Whiu SiU. It 
is a greyish black basalt, and is finely exposeil in Teesdale at the waterfalls 
calleil High Force and Caldron Snout ; it is seen along the face of the Pennine 
escarpment, one of the finest sections being at High-Cup Xick, about 4 miles 
east of Appleby, where the Imsalt is 73 feet thick, and has baked or altere<l 
the shale l>eils al>ove and below it ; it thins in a southerly direction, and dis- 
appears east of Brough. 

It is* difficult to define exactly the upper boundary of the Carboniferous 
Limestone in the east of WestmorlamL The Whin Sill is often taken as the 
liase line of the YoredaU Bfd^y which here consist of alternating limestones, 
sandstones, and shales, forming the extreme east of the county at Milbum 
Forest, Stainmoor Forest, Mallerstang Common, Ravenstonedale Fells, &c. 
There are two or three thin coal-seams in this series, which are worked at 
three ci>llieries, 1,791 tons of coal Wing raised in 1877. 

In this same r^on the Mill;fta»e Grit just enters Westmorland. 

Pkrmiax Formation. — Reil rocks of Permian age lie between Brough and 
Kirkby Stephen, and extend thence in a north-westerly direct ic«i towartls 
Penrith and Long Marton ; they are bounded on the east by the Pennine 
Fault, ami are also Suited on the west against the Carl>oniferons Limestone. 
They are well exposed between Appleby and Hilton ; at Burrels, near the 
former town, we see the lower l>eils to be limestone breccia*, calleil *' brock- 
ram," 600 feet thick, succeeded by red sandstones and yellow breccias called 
•* rotten brockram," 1,500 feet thick : the Middle Permians or Hilton Shale» 
(200 feet thick) are seen in Hilton Beck to l>e thin-bedded sandstones and 
marly shales, cimtaining numerous plant-remains : here, too, is a l>ed of 
magnesian limestone, 6 feet thick : the Upper Permians are dark red sand- 
stones, 700 feet thick. The breccias present a strong likeness to glacial 
drift, ami they may possibly mark an old glacial epoch. 

SrKFACK Dirosrrs. — Under this head we include all the irregular accumu- 
lations of clay, gravel, ami saml which lie upon the older rocks, often masking 
them completely ami remlering their study difficult. 

Giaiial Ptrriofi, -To the eilucateil eye nothing can l>e clearer than the ice- 
maiks K^me by the hard ami lofty rocks of Westmorland. When we 
examine the valleys Wtween Ambleside ami Ulleswater, we frequently find 
striations or scratches on the rocks, the grooves pointing down the valleys, as 
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in Great Langdale and Easdale ; these have been made Ly stones embedded ib 
ice-masses (glaciers), which occupied all the high central region of the Lake 
district, and passed outwards in all directions to lower ground. The stony 
clay, till, or pinel, found in patches on the high grounds, and in larger spreacfs 
on the plains, is formed of matter pushed under or before these glaciers. 
During this intensely cold period there was at least one great depression of 
the land, to perhaps 2,000 feet below its present level ; only the higher peaks 
would then stand above the sea, and from these icebergs would be detached, 
carrying blocks of rock (boulders or erratics) to great distances. The granite 
boulders from Wasdale Crag near Shap must somewhere about this time have 
been so carried over the Stainmoor Pass into Yoricshire, where we now find 
them along the east coast ; many are also found in Westmorland on the east 
and south of Shap. 

Most of the lake-basins, as Ulleswater, Windermere, &c., are now believed 
to have been ploughed out by glaciers ; they lie in lines of weakness (caused 
by faults), and in the direction along which the glaciers must have advanced ; 
some, too, occupy the point where two or more glaciers must have met, and 
where the eroding action of the ice would be great. 

The lines or mounds of sand and gravel called " eskers '* were probably 
formed by currents washing and re-assorting the materials of the boulder-clay, 
during the period of depression. 

J%e Post-Glaeial Deposits include the gravels and muds of existing rivers ; 
the filled up tarns, of which there are many ; the peat-beds, sometimes 15 feet 
in thickness ; and the deposit of sand and loam made by the sea, which forms 
the low plain of Beetham and the flat land near the river Gilpin. 

Prehistoric Man. — Few traces of those early inhabitants of our isles, 
whose implements were mainly formed of stone, nave occurred in Westmor- 
land. Mr. Evans records a large perforated stone axe-head, 1 1 inches long, 
found in a turf moss near Haversham ; a large oval stone, with a groove round 
the centre, found at Bums near Ambleside, is believed to have been used to 
sink nets. 
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Natural History and Scientific Societies. 

Wiltshire Archaeological and Natural History Society ; Devizes. Magazine. 
Marlborough School Natural History Society. Report. 

Museums. 

Literary and Scientific Institution Museum, Devizes. 

Museum of the Wiltshire Archaeological and Natural History Society, 
Devizes. 

Salisbury and South Wilts Museum. 
The Blackmore Museum, Salisbury. 

Publications of the Geological Survey. 

Maps. ~ Sheets : 12, Newbury, Hungerford, Andover, Basingstoke, Odiham ; 
13, Oxford, Reading, Wantage; 14, Marlborough, Amesbury, Westbury ; 15, 
Salisbury, Blandford, Ringwood, Shaftesbury, Cranbome, Wimborne Minster ; 
18, Wincanton, Sherborne, Beaminster, Langport, Yeovil ; 19, Bath, Frome, 
Axbridge ; 34, Stroud, Fairford, Swindon, Chippenham ; 35, Bristol Coal-field. 

Books. — The Geology of Parts of Wiltshire and Gloucestershire, by Prof. 
Ramsay, &c., 8d. Geology of the London Basin, by W. Whi taker, 13s. 

Important Works or Papers on Local Geology. 

List (by W. Whitaker) of 169 works, by 89 authors, in Wiltshire 
Archaeological and Natural History Magazine, vol. xiv. p. 107. 
1862. Whitaker, W.— On the Western End of the London Basin, and on the 
Grey Wethers of Wiltshire. Journ. Geol. Soc, vol. xviii. p. 258. 

1865. Blackmore, Dr. H. P.- -Discovery of Flint Implements at Milford Hill, 

Salisbury. Journ. Geol. Soc, vol. xxi. p. 250. 

1866. Woodward, H. — On the Oldest British Crab, from the Forest Marble 

near Malmesbury. Journ. Geol. Soc, vol. xxii. p. 493. 

1870. Stevens, E. T.— Flint Chips : a Guide to Prehistoric Archaeology. 

8vo. London and Salisbury. 

1871. Whitaker, W.— On the Occurrence of the " Chalk Rock " near Salisbury. 

Geol. Mag., vol. ix. p. 427. 
1 88 1. Etheridge, R. and Andrews, Rev. W. R. — Purbeck Beds of Vale of 
Wardour. Q. Journ. Geol. Soc. vol. xxxvii. p. 246. 
See also General Lists, p. xxv. 

In the magazine of the Wiltshire Archaeological and Natural History Society 
(vol. xiv.) we have a list compiled by Mr. W. Whitaker of 169 papers, &c., by 
89 authors which relate to the geology of Wilts. The whole of the surface 
has been mapped by the officers of the Geological Sun'^ey (Messrs. Bristow, 
Aveline, Hull, and Whitaker), and the northern portion of the county is 
described in a " Survey Memoir," by Professor Ramsay. Of local workers 
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we must name Messrs. Cunnington, C. Moore, G. P. Scrope, C. J. A. Meyer, T. 
Codrington, R. N. Mantell, J. C. Pearce, the Rev. P. B. Brodie, Professors 
Buckman and Rupert-Jones ; whilst for our -knowledge of the fossils we are 
largely indebted to Drs. Wright, Lycett, and Woodward, Professors Morris, 
E. Forbes, Milne-Edwards, Bell, &c. Unfortunately these works are scattered 
oyer numerous and expensive scientific publications, as the volumes of the 
Palaeontographical Society, the Quarterly Journal of the Geological Society, 
the " Geological Magazine," the " Wiltshire Magazine " above referred to, &c. 
Recently Mr. Hudleston and the Rev. J. F. Blake have written a valuable 
account of the Coralline rocks, and the latter gentleman has also described 
the Kimmeridge Clay. 

The recent deposits near Salisbury which contain such interesting traces of 
the early existence of man have been diligently worked by Dr. Blackmore and 
others, and their " finds " are to be seen in the Blackmore Museum at Salis- 
bury, which contains a splendid series of the tools and weapons both of pre- 
historic man and of modem savage tribes for comparison. The excellent 
work entitled " Flint Chips," written by Mr. R T. Stevens, gives a full 
account of this admirable collection. In the adjoining rooms of the Salisbury 
and South Wilts Museum there are some fine specimens of local fossils. At 
Devizes, geological collections may be seen in the museum of the Literary 
and Scientific Institution and in the museum of the Wiltshire Natural History 
Society. At Marlborough College, the School Natural Histor}' Society is also 
doing good work. 

The rocks which form the county of Wilts belong mainly to the Secondary 
or Mesozoic formation : they run across the county in broad irregular bands, 
which have a general line of direction or strike from north-east to south-west : 
they incline or slant or dip to the south-east, not lying now horizontally as 
they did when they were originally deposited on some sea-floor, but tilted up 
towards the north-west, so that the edges of a number of successive rock-beds 
are visible, forming the irregular bands we have mentioned above. As the 
lowest strata are certainly the oldest or first formed, it follows that those 
rocks which we find in the north-west of the county, al>out Bradford, Malmes- 
bury &c. are of the most remote geological age, for as we try to follow 
these across the strike in a south-easterly direction, we find they pass under 
newer beds, which in turn pass under the chalk, while the chalk is itself 
overlain by the Tertiary strata in the south-east comer on the edge of the 
New Forest. 

In describing the strata we shall commence in the north-west with the 
oldest beds, and then take the others one by one, in ascending order, finally 
treating of the alluvial and other surface deposits which occur irregularly 
over the whole area. 

But first looking broadly over the entire county we note that it may be 
divided into two regions, whose wide difference in appearance, agriculture, 
and population is entirely owing to geological causes. The first of these lies 
in the north-west, and includes about one-third of the county ; it has a level 
or undulating surface and a south-easterly slope ; it is a district of oolitic 
limestones and clays, and the chalk escarpment forms its boundary. The re- 
mainder of Wilts — the southern and eastern parts— is mainly formed of 
chalk, where breezy downs and long level treeless plateaux have a distinctive- 
ness which instantly reveals to the discerning eye the nature of the rock of 
which they are composed. 

The heights above sea-level of a few points determined by the Ordnance 
Survey are, Highworth Church, 442 feet ; Cricklade Church, 297 feet ; Wootton 
Bassett Church, 424 feet ; Christian Malford Church, 187 feet ; Chippenham 
Church, 184 feet ; Corsham Church, 303 feet ; Warminster Town Hall, 388 feet ; 
Tower on Downton Hill, 485 feet ; Salisbury Cathedral, 153 feet. 

The Lias. — The liassic strata only enter Wiltshire in the extreme west, 
running up the valley of the Box Brook from Bathford by Ditcheridge to a 
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little beyond Colerne. Ditcheridge stands on the Middle Lias ; but the liard 
band called the " Rock-bed" is here very thin, while a few feet of blue clay 
which lie upon it belong to the Upper Lias, the beds thus thinning out greatly 
in this direction. The junction of the Lias with the sands of the Oolite 
above is marked by wet ground, caused by the springs which are thrown out 
along the top of the impervious clays. 

The Oolite. — This great assemblage of strata has received its name from 
the fact that some of the beds of limestone which it contains have a structure 
like the roe of a fish : it consists of an alternation of beds of sandstone, 
limestone, and clay, which, as a whole, attain their maximum development in 
Gloucestershire, where they form the Cotteswold range. As the oolitic 
strata are followed in a south-easterly direction, they become greatly 
attenuated, as has been shown by Professor Hull ; still in Wiltshire they are 
of a very respectable thickness. 

Lower Oolite. — Midford Sands. — These are transition or passage bedn 
connecting the liassic and oolitic formations. They contain liassic ammonites, 
as A. hifronsy A. opalintis, &c., and oolitic bivalves, as Hinnites ahjectiiSy 
Trigonia striata, &c. ; as Professor Phillips remarks, " before the liassic life 
had come to an end, the oolitic life had begun." The Midford Sands are of a 
yellow tint, and contain concretionary masses of limestone called " sand-bats ; " 
they occur resting upon the Lias along the sides of the valley of the Box 
Brook, and are here about 40 feet in thickness. 

Inferior Oolite. — This is a bufif-coloured sandy limestone, under which lies 
a rubbly bed full of corals. " It occurs at Elmhurst and Upper Shockerwick, 
and runs up the sides of the Box valley nearly to Slaughterford : from near 
Box it stretches through Ashley Green and Bathford to near Bradford." It is 
well exposed in the bank of the canal opposite Limpley Stoke, and in a gully 
near Charlcombe church, where it is about 2$ feet thick. At Limpley Stoke 
and Beechen Cliff the Inferior Oolite is almost entirely composed of corals, 
with various species of such shells as Trigonia^ Ostrea, &c. Thus the small 
portion of this stratum which enters "Wilts, possesses neither the thickness 
nor the qualities which elsewhere (Cotteswolds, Ham Hill, &c.) make it 
such a valuable building stone. 

The Fidlers' Earth. — This is a bed of blue and yellow clay, from 60 to 
100 feet thick ; in the lower portion it contains bands of limestone, the 
" Fullers' Earth Rock." It can be traced by Bonner Down and Ashley Wood 
to beyond Slaughterford, and then returns on the opposite side of the valley 
past Box. The characteristic fossil is a small oyster named Ostrea acuminata. 
The position of the bed is rendered visible at a distance by the way in which 
the superincumbent beds of Great Oolite have in places slipped down over 
the clay ; the water which issues plentifully at the junction has lessened the 
adhesion, and produced the catastrophes. The Fullers' Earth proper is a 
hydrous silicate of alumina ; it is " an unctuous clay, usually of a greenish- 
brown or gi*eenish-grey colour, sometimes blue : it is opaque, soft, dull, with 
a greasy feel and an earthy fracture : it yields to the nail and affords a shining 
streak : it scarcely adheres to the tongue, and falls into a pulpy, impalpable 
powder when placed in water, without forming a paste with it." (Bristow.) 
It occurs in veins from 18 inches to 3 feet in thickness, and was formerly 
largely dug for fulling at the cloth mills, but it is not now worked. 

Th£ Great Oolite. — This division, which is also known as the Bath Oolite, 
furnishes perhaps the most famous building stone in England. It does not 
occupy much of the surface of Wiltshire; from near Limpley Stoke and Corsham 
we can trace it to Yatton Keynell and Castle Combe : it is again exposed in 
the valley which runs east and west by Great Sherston, and we again find 
it (this time brought up by a fault) on the east of Tetbury. The thickness 
of the Great Oolite varies from 100 tt) 200 feet ; the upper beds are blue 
limestones, weathering white when exposed to the atmosphere, and so liard 
as to have been largely used for mending the roads ; below these come the 
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fine oolitic freestones which furnish such valuable building material. At 
Corsham the stone is worked underneath higher strata (forest marble) by 
means of shafts (sometimes 70 feet deep) and tunnels ; the underground 
quarries here are perhaps the largest and best worked in the kingdom. Box 
Hill yields a stone of a very superior quality as to fineness of texture, 
called Scallet. " The absence of fossils renders the stone more valuable as a 
freestone, as it then yields more readily to the saw and to the chisel ; when 
fossils are abundant the stone is best adapted for rough building purposes, 
such as walls and the foundations of houses." (H. B. Wwxiward.) When first 
removed from the quarry the stone is soft and moist, and easily carved or 
sawn, but as it dries, it hardens and becomes an excellent hard white stone. 
Of fossils, univalve shells, such as Nerintea Voltzii, Purpuroidea Morrisiiy &c., 
and many bivalves, as Trigonia costata, Tancredia brevis, &c., are abundant, 
especially in the upper limestones. 

The Forest Marble (with Bradford Clay). — The strata which own this name 
occupy a considerable surface area in the north and west of Wiltshire. From 
Bradford-on-Avon and Corsham (where they are well exposed in the railway 
cutting), they run northward to Tetbury, and then turning north-east form 
a tract some $ or 6 miles wide, on which stand the villages of Ashley, 
Crudwell, and Kemble. The strata are a variable series of shelly limestones, 
sands and clays, about (Fig. 91) 60 feet thick near Tetbury, but thickening as 
they are followed southwards. Near Bradford a thick mass of clay, the 
Bradford Clay, is locally developed in the lower portion of the Forest Marble. 
It is a pale grey clay about 40 feet thick, containing a little carbonate of lime 
and enclosing thin slabs of brownish limestone and sandstone ; a fossil called 
the Pear Encrinite (Apiocrinitea rotundits) is abundant in the Bradford Clay ; 
its fragments are called "coach wheels" by the quarrymen. The large slabs 
of coarse limestone furnished by the Forest Marble proper, are, according to 
Professor Buckman " of great value for forming the sides of piggeries and 
cattle sheds. The smaller pieces broken up form a very durable material for 
road-making, and some of tne thicker blue-centred slabs are used for building 
purposes. As a soil the Forest Marble is usually poor> but capable of great 
improvement by draining and cultivation." The remains of the oldest known 
British Crab (Palmnachtis Imigipes) were found by Mr. William Bury, in the 
Forest Marble near Malmesbury. 

The Comhrash. — This is a nibbly pale-coloured earthy limestone, alx)ut 20 
feet thick. We can trace it between Trowbridge and Semington, and round 
Great Chalfield and Atford ; from Corsham and Chippenham it runs by King- 
ton, Hullavington and Malmesbury to Charlton and Pool Keynes. At Rod- 
borne it is quarried for rough building stone. The fossils are numerous, and 
include Aminonifes Herveyi, Ameida echinata, &c. Numerous villages occur 
along the outcrop of the Combrash, as it is a water-yielding stratum ; it 
furnishes a good corn-growing soil. 

Middle Oolite. — Ihe Oxford Clay (with Kelloway's Rock). — This formation 
consists of blue clay, weathering yellow near the surface, and here attains a 
thickness of about 500 feet. Near its base is a fossiliferous bed of calcareous 
sandstone called Kelloway or Kellaway's Kock, either after the village of 
the latter name near Chippenham (Woodward), or because it occurred in pits 
belonging to a man named Kelloway (Ramsay). The Oxford Clay extends 
from Bradley and Melksham to Christian Malford ; then between Wootton 
Bassett and Malmesbury the outcrop is 7 miles in width, and so it continues 
by Purton Station, South Cerney, and Cricklade, towards Lech lade ; sections 
are exposed in the cuttings of the Great Western Railway, and in brickyards 
near Malmesbury and at Minety station. The Oxford Clay forms a stiff, 
heavy soil, diificult to cultivate and mostly in permanent pasture; the old 
Forest of Braydon stood on it, and there are still many woods. Of fossils the 
large flattish oyster-like shell {Gryphaa dilatafa) is abundant, ammonites and 
belemnites are also plentiful. In making the railway cutting near Christian 
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Matford, Hliaut 1840, many fuHBilB were fonnd, inclnding Home titvi fomu uf 
ceplijilopods, which were deacriUed liy Mr. Pearce under the oiiine of BdtBaio- 
teulhu, even tlie impresitionH of thtir itoft parts were wonderfully pregerred. 
Remarkable liiHocheit of some coniferous treex from tlie Oxford Clay of this 
locality have been figureil by Mr. Camithera in the " Geologieal Mftgaiioe" 
(vol. vii.) ; he there remarks that it would be very desirable if foliage or fruit 
conld also be foutid. 

The Coral Jiag. -Thi thiek liedii of day we hare jiuit descritied were pro- 
liably deposited in a moderately deep and tranquil sea. After the accuninla- 
(ioD of a great thickoese of mud. an elevation of the sea-floor accomunied 
by a clearing of ihe wiileni made the onditiuns fit for the growth of coral 
reefe. In the Coral Bag we have a bed of rubbly oolitic limestone, full of 
the remaiDK of comls and about 20 feet thick: it is accompanied by l)eds of 
sand and calisireous WDdiitoneB, termed the Upper and the Lower C'alcareout 
Grit. NearWestbury a bed of Iron-ore (hydrated |>eroiide) has been largely 
worked : it occupies a narrow strip of ^jound running north and south near 
the railway stalirin, and the bed uf ore is from II to 14 feet in thicknesB. 
In 1877 there were raised 79,176 tons of iron-ore, valued at ^19.784, lint in 
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1879 the amount had fallen to 47,613 tons, valued at ji9,52S. OBlrea ddloidea 
is a very common fossil here. At Steeple Ashton, man; fine corals, such as 
Thteotiiiilia annidaris, are found, mostly on the surface <rf the ploughed fields ; 
at Seend the Lower Calcartoui Gril is well eiposed where the furnaces for the 
iron-ore stand. From this point we can follow the beds by Westbrook to 
Calne, and thence by Hilltnarton and Purton to Highworth, At the latter 
place the total thickness is aliout 100 feet, and fine sections are exhibited 
where the beds are quarried for building stone, tipiaes and pbites of a sea- 
urchin (CidarisfiorigemiHa) are very ehamct eristic of the Coral Kag. Physically 
this bed forms a ridge or esoirpmeiit rising about 100 feet above the plain of 
Oiford Clay ; hy its decomposition it produces a light sandy arable soil. At 
Calne specimens of a new genus of sea-urchin {Pdanethmm) which possessed 
a flezilile test have been found W Mr. Keeping. 

L'l-pEii OoLiTB.- Kimiaeridge Cd^.— Between Semley, Sedghill, and Knoyle 
Common, we find a bed of bluish shaly clay, alxnit 65 feet thick; we can 
trace it again on the north-east, between Westburj Station, Worton, and 
Bnlkington ; it is then overlapped and concealed by newer strata, but we 
recover it again at OIney Marsh, and find it thickens northwards to 500 feet 
at Swindon, where its outcrop is also broad, oceujp^ing all the ground between 
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Swindon on the east and Wootton Bassett and Stratton St. Margaret's on the 
west. There are large brick-pits in the Kimmeridge Clay at Swindon ; here 
Ammotiites hiplex is common in a bed of sandstone, and limestone nodules^ 
occur ; Ostrea ddtoidea is another common fossil. In these pits in 1874 bones 
of enormous extinct reptiles (ChiwsaurnSf &c.) were founa, which were ex- 
tracted and removed with great skill by Mr. W. Davies, of the British 
Museum, and have since been described by Professor Owen. 

Portland Beds. — Strata of this age are exposed in three separate ar^as in 
Wiltshire. At Chilmark and Tisbury, in the valley of the Nadder, about 
12 miles west of Salisbury, there are large -quarries in a siliceous limestone^ 
of which Salisbury Cathedral and Wilton Abbey were built. At Tisbury 
about 61 feet of stone are seen in the quarries, and the beds here contain 
beautiful yellow crystals of sulphate of b^rytes (sugar-candy stone). A coral 
(Isastraa ohloiiga) which has been converted into flint and chert, is also 
plentiful at Tisbury. In the valley east of Worton and south of Pottem 
sandy beds of the same age occur. Lastly, in the stone quarries at Swindon 
we see about 8 feet of yellowish Portland stone, underlaid by sands 25 feet 
thick ; there is an outlying mass round the village of Bourton. 

The Portlandian Beds are a marine shallow-water series, indicating an 
upheaval of the oolitic sea-bottom. 

Purheck Beds. — Strata of this age occur at two points only: at Teffont 
Evias, Chicksgrove, and Chilmark Common slabs of a thin compact limestone 
are raised for tiling ; at Swindon we see in the stone quarries about 10 feet of 
fresh-water marls and limestones of Purbeck age, which have yielded to the 
diligent researches of Mr. C. Moore, of Bath, more than eighty species of fossils, 
including teeth of mammals, bones of the oldest true frog, together with 
fruits and seeds, and such fresh-water shells as Pahidina and Bithynia. They 
thus show a continuation of that upheaval of the oolitic sea-floor which we 
have already noted when describing the Portland Beds, and which finally 
resulted in the formation of a continent occupying part of what is now the 
Atlantic Ocean. 

Neocomian (or Lower Cretaceous) Formation. — Over the continent just 
referre<l to a great river flowed eastwards, the deposits in whose estuary con- 
stitute the Hastings Sands and Weald Clay of Kent, Surrey, and Sussex : of 
the Hastings Sands a small outcrop has been mapped by the Geological 
SuFN'ey at Catherine Ford on the Nadder. 

Lower Greensand. — The sandy beds of this age are from 2$ to 30 feet thick ; 
they commence on the south at Poulshot Green, near to which is an outlier at 
Seend, where a patch of Lower Greensand rests on Kimmeridge Clay ; here it 
contains a rich bed of iron ore, which has been largely worked. The outcrop 
broadens between Rowde, Bromham, and Bowden Hill, but soon narrows again 
to a band about a quarter of a mile wide, which can be traced by the dryness 
of the ground through Blackland, Corton, and Swindon Reservoir. At 
Sands Farm, east of Calne, a bed of very pure and white quartz sand has long 
been worked, and is carried to great distances for domestic purposes. Fossils 
are scanty in the Lower Greensand, but the curious shell Diceras Lonsdalii has 
been found. The beds are evidently a marine littoral deposit, and indicate 
subsidence. 

The Cretaceous Formation. — The lowest division of the cretaceous beds 
proper is termed the GaiUt. It is a stiff blue clay, full of small spangles of 
mica, and occasionally it contains calcareous concretions, septaria, and phos- 
phatic notlules ; it varies in thickness from 80 to 140 feet, and can be traced 
continuously, as a band of low ground at the base of the chalk escarpment,, 
from Dilton by Westbury, Coulston, Heddington, Cliffe Typard, Wroughton, 
to Wanborough Marsh and Hinton Mill. It is worked for brick-making at 
several points along this line. The Gault is found along both sides of the 
Nadder Valley, at Donhead and Sutton Mandeville on the south side, and at 
Dinton on the north, but is absent at East Knoyle. 



I 



288 GEOLOGY OF ENGLAND AND WALES. 

The Upper Greensaiid is in thickness equal to the Grault. It is a grey or 
brown sand, speckled with green grains, and containing irregular beas of 
sandstone and chert. From Shaftesbury it passes eastwards by Charlton and 
Berwick St. John to Barford St. Martin ; then turns west by Knoyle, skirting 
the chalk by Warminster and Westbury, and then running like a bay into the 
chalk past Pewsey and Milston to Burbage. From Devizes the outcrop nar- 
rows greatly through Cherhill, Compton Bassett, Wanborough, and Little 
Hinton. Many echinoderms (sea-urchins) have been found in this formation 
in the neighbourhood of Warminster. 

The Chalk. — The well-known pure white earthy limestone which we call 
"Chalk" occupies a larger area in Wiltshire than all the other strata put 
together. From Cranborne Chase in the south it stretches over Salisbury 
Plain, and then passes north-east by Marlborough : its total thickness is here 
about 800 feet, in which the following subdivisions can be traced. At the 
base we have a bed called Chlcritic Marly about 6 feet thick ; it is of a pale 
yellow colour, with green grains of glauconite and phosphatic nodules. Next 
comes the Chalk Marl (locally called Malm), or Grey Chalk, about 50 feet 
thick ; springs issue from the top, but in summer these become so dried up as 
to be without water for months together ; sharks' teeth are common, with 
Ammonites varians and other fossils. Above this we have the Lower Chalky or 
Chalk-without-flints, about 300 feet thick ; it is softer than the Upper Chalk, 
and of milk-white or creamy tint. The Upper Chalky or Chalk-witli-flints, is 
about 400 feet thick ; the layers of flint wnich mark the planes of bedding 
form a conspicuous feature in pits in the Upper Chalk, and enable us at once 
to distinguish it from the beds below. Fossils are common, mostly rounded 
sea-urchins, such as Ananchytes ovatuSy CidxiriSy Micraster, and GaleriteSy with 
remains of sponges and Ventriadifes. 

Between the Upper and Lower Chalk is a hard bed which Mr. Whitaker 
has named the Chalk Rock: it is a hard cream-coloured chalk with layers of 
green nodules, is well jointed, breaks with an even fracture, and rings under 
the hammer ; sections are exposed near the top of the road-cutting on the 
northern side of the Pewsey Valley, about 4 miles south-south-west of Marl- 
borough, also at Leigh Hill, and on the top of Whitesheet Hill, where it is 
about 3 feet thick. 

The Chalk forms a bold escarpment facing west and north ; in North Wilts 
" the unequal denudation of the hard and soft chalk forms a striking feature, 
especially when viewed from the north-west and west. The hard chalk rising 
abruptly out of the high and broad plateau of the soft chalk, the bare greasy 
sides and tops of the former contrast strongly with the cultivated plains of 
the latter ; and while the plateau of the Lower Chalk rises and falls in gentle 
undulations, interspersed. with small streams, the Upper Chalk is cut up into 
numerous ridges and valleys, and is nearly destitute of water." (Aveline.) 

The " balks," or " linchets," or terraces which run along the slopes of the 
chalk escarpment, are due to the downwash of soil by rain. 

The Upper Chalk forms a white land, with a scanty covering of soil and a 
short sweet turf ; the beech and box grow well upon it, and it affords pasturage 
for great flocks of sheep ; much of it, however, has of late years been brought 
under cultivation. The great expanse of this rock, which is about equally 
divided between Hants and Wilts, forms what Pennant calls the "great 
central Patria of the chalk," the centre whence all the ranges of this rock 
traversing our island diverge. 

There are many pits or quarries where the chalk is worked to burn into 
lime. " At Bishopston Down, near Warminster, enormous blocks of crystal- 
line carbonate of lime, one of which weighed 50 cwt., were cut into slabs for 
mantel-pieces. Calcareous spar also occurs in a chalk-quarry at Nook, near 
Heytesbury, in blocks less both in number and size." (Conybeare.) 

At Cherhill, east of Calne, a " White Horse " has been formed by cutting 
away the turf on the chalk escarpment. 



WILTSHIRE. 289 

Microscopical examination shows chalk to be composed of the minute shells 
of animals called foraminifera ; it was formed by their slow deposition on the 
bed of a deep ocean. 

Tertiary Period. — Eocene Formation. — Though the beds we are now 
about to describe rest upon the chalk, there intervenes a period of time to be 
reckoned perhaps in millions of years. For during this interval the whole 
life of the globe had had time to change ; not one species of animal or plant 
is common to the chalk and to these Eocene beds which rest upon it, and such 
a change could only have been accomplished in a vast period of time. The 
Eocene strata of England lie in two basins, viz., the London Basin and the 
Hampshire Basin ; outliers only of the former occur in Wilts, but of 
the latter the main outcrop enters the south-eastern extremity of the 
county. 

Hampshire Ba^n. — On each side of the chalk ridge called Dean Hill, about 
5 miles south-east of Salisbury, we find a narrow band of the Woolwich and 
Reading Beds — unfossiliferous plastic clays and mottled sands. On these rests 
the London Clay, forming the Earldom "Woods, Bentley Wood, &c. Then we 
get the Bagshot Sands, forming Hamptworth, Landford, and West Wellow 
Commons, with an outlying patch at Alderbury and West Grinstead. 

London Basin. — Capping the hills round Great and Little Bedwin, outliers 
of the divisions of the Eocene strata occur. The Reading Beds and London 
Clay are here very thin, not more than 12 to 15 feet each in thickness, so that 
we are close to their original western termination. 

The Drift or Surface Deposits. — In the counties south of the Thames, no 
«lear evidence of glacial action has yet been made out, and it seems probable 
that this district was above water when icebergs came sailing over the sub- 
merged more central portions of our island. The brick-earths of the Marl- 
borough Downs, the clay-with-flints often found upon the chalk, and the flint 
gravel and quartzose gravels which are seen lying on the Oxford Clay are of 
very dubious and uncertain age ; the gravels and alluvial deposits which border 
the present streams are, however, of much more recent formation, and form 
the last or newest of the geological series. 

The Druid Stones, Sarsens, or Grey Wethers are huge blocks of a siliceous 
sandstone which are strewn in great numbers over the surface of the Chalk. 
The circles of Stonehenge and Avebury are mainly formed of these stones ; 
the inner circles at Stonehenge, however, are of greenstone, similar, Professor 
Ramsay says, to some of the Silurian rocks of North Wales. The Grey 
Wethers are probably the relics of a bed of sandstone contained in the Bagshot 
Series {Eocene), which formerly stretched much further to the west than 
they do at present. 

Prehistoric Man. — Wilts is rich indeed in the remains of races of men of 
whom no written records exist. The earliest traces of man's presence in this 
district consist of certain roughly-shaped flint implements found in gnivels on 
the sides of the valleys of the Avon, Wiley, &c., at Bemerton, Fisherton, 
Milford Hill, Lake, Ashford, Britford, Downton, &c. These gravel-beds are 
from 40 to 100 feet above the present level of the rivers, a fact which alone 
marks their great age, since the river has, since their formation, deepened its 
valley to that extent. These rough tools belong to Sir Jolm Lubbock's 
Palaolithic Stone Age. Of much later date, and showing marks of great 
progress, are the elegantly fashioned and skilfully chipped stone implements 
of the yeolifhic Age — the celts, chisels, scrapers, arrow-heads, knives, &c., 
which have been found scattered on the surface in so many localities in Wilt- 
shire, but more especially at Avebury, Durrington, P>erley, Roundway near 
Devizes, Stonehenge, Upton Lovel, West Kennet, Wilsford, and Winterboum 
Stoke. In the mounds or barrows — prehistoric burial-places- which slud the 
Chalk Downs in such numbers. Sir R. C. Hoare found numl>ers of such objects, 
which are noted in his magniflcent work on " Ancient Wilts." All or most of 
these stone objects were the work of men who lived in this countrv' long 
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Lefore the time of the Romans of men who were ignorant of the properties^ 
of metals. 

Then we have the grand megalithie structures of Stonehenge and Avehury, 
and Silbury Hill, a miniature mountain which covers about $ acres of ground 
and rises to a height of 130 feet ; these structures, too. have usually been 
assigne<l to Dniidic {i.e. pre-Roman) times, but Mr. Fergusson has of late 
years claimed for them a date about 520 a.i>. and believes that the purpose was 
to commemorate the twelve great Imttles in which King Arthur overthrew 
for a time the Saxons, but these are questions which belong nither to 
Archfeology than to Geology. 

The composition and origin of the great blocks of rock which compose 
Stonehenge have been lately investigated by Prof. Maskelyne;. the outer 
eircle is composed of " S»irsen stones " compact quartzose rocks from the Ter- 
tiary strata : the " altar-stone " is a grey sandstone or micaceous grit, resem- 
bling the Old Retl Sandstone of the Mendip Hills near Frome ; 29 of the 
stones which form the inner circle may be referred to the igneous rock called 
Aiahatte ; three others are hornstones, and one is a siliceous schist. 
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This county lies just to the east of that great region of old rocks which, 
stretching westwards, forms the whole of Herefordshire and Wales. A line 
running north and south through the Malvern Hills and the Forest of Wyre 
Coal-field would separate the hard and ancient Paleozoic strata from the 
softer, later-formed Mesozoic beds which form the Valley of the Severn, and 
extend to the eastern edge of the county. 



WORCESTERSHIRE.. 293 

The Malvern Hills. — The age of the rocks which form the main axis of this 
well-known ridge has only of late years been correctly ascertained. From 
Keys End Hill on the south, by Ra^edston Hill, Midsummer Hill,Swinyards 
Hill, the Herefordshire Beacon, Wind's Point, and thence to Worcester 
Beacon and North Hill, we find masses of crystalline rocks, mostly of a 
syenitic and gneissic character, but extremely varied in composition, which, 
though greatly altered, are prol>ably of metamorphic origin, and are cer- 
tainly much older than any of the surrounding strata. 

Running all along the eastern edge of the chain, and extending for many 
miles in a line nearly due north and south. We have an enormous fault, or 
dislocation ; so that the rocks lying to the east, in the Vale of the Severn, are 
altogether unlike and of a different age to the harder beds composing the 
hills, these indeed owing their superior elevation to their greater hardness, 
which has enabled them to resist denudation better. 

The metamorphic rocks of the ^felvems have been assigned by Dr. HoU to 
the Laurestia5 Period, which comprises the earliest of the stratified rocks ; 
it is safer, however, to style them Pre-Cambbia5, as they evidently agree 
with the rocks described under that name bv Dr. Hicks at St. David's, in 
South Wales, and by Dr. Callaway in the Wrekin and near Lilleshall, in 
Shrfipshire. Dr. Holl's views are ably set forth in a paper bv him in vol. xxi. 
of the Geological Society's Journal, and in vol. xxiii. the Kev. J. H. Timins 
gives the results of a large number of chemical analyses of rocks from dif- 
ferent parts of the chain. 

Very fine sections were exposed during the construction of the Malvern and 
Ledbury timnels of the Worcester and Hereford Railway, and these have 
been described by the Rev. W. S. Symonds. In the Malvern tunnel bands of 
ehlorite-schist with graphite were found, and fissures which had been filled 
up with Silurian limestone. 

There are about forty trap-dykes to be seen in different parts of the syenitic 
ridge. These are composed of igneous rock, which has been forced in a liquid 
state along fissures, or lines of least resistance, in the older beds. Small 
faults occur, usually running across the ridge. They are marked by lines of 
fragmentary or brecciated rock,* and have been produced during the different 
movements to which the axis has been subjectecf. 

Cambriax Formation. Resting on the western fianks of Raggedston and 
Midsummer Hills, there are certain beds known as the HoUvbwk Sandgtone. 
They are of an olive and brownish-green colour, and contain small tongue- 
shapeil shells, known as Lingida sqitamosaj a broader shell Obolella PhUlipgi^ 
together with tubes which represent the ancient homes of boring worms, such 
as may now be seen on the sea-shore. Where these sandstones rest against 
the metamorphic axis before described they are seen to be quite unaltered, 
and at the junction, moreover, there is a band of breccia composed of frag- 
ments of the crystalline rocks, which must accordingly have been already 
altered and upheaved when the Cambrian beds, themselves of such great 
antiquity, were deposited upon them. 

mark ShaUa. — These are above 1,000 feet thick, and rest unconformably 
upon the Hollybush Sandstone, occupying the region about Bransill Castle. 
Like the sandstones, they contain numerous intrusive masses of volcanic rocks, 
in the neighbourhood of which they are considerably altered. They contain 
small trilobites of the genera Olenutt and Agnostu*^ which are most numerous 
in a small band of rock in the Valley of White-leaved Oak, between Ragged- 
ston and Chase End Hills. A good plan is to take a quantity of the shale 
home in a basket, dry it, and then split it open, and carefully examine it with 
a lens. 

In the south-west, near Hayes Copse, the black shales are seen to be over- 
laid by some greenish shales, containing a remarkable net-like fossil, called 
Dietyonema socialU. All these beds dip westwards at a considerable angle. 
On the east of the Herefordshire Beacon there is a small area occupied by 
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rocks, which are probably of the same age as the Cambrian sandstones and 
shales above mentioned. They have, however, been so altered by intrusive 
trap-rocks that all traces of fossils have been obliterated; 

Silurian Formation. — "West of the Malverns, and stretching northwards in 
a long but narrow band as far as Abberley, there occur sandstones, shales, and 
limestones, of Upper Silurian age. The Lower Silurian beds are missing, 
having probably not been deposited in this area, which may then have been 
above tne sea-level. 

The Llaiidovery (or May Hill) Sandstone rises to the surface north of the 
Permian conglomerate in Bromesberrow Park. Thence it sweeps round by 
liowick. Howler's Heath, and the Obelisk, to the Herefordshire Beacon, where 
it is cut out by a fault. Reappearing again on the other side of the hill, we 
can trace its outcrop as a nari;ow band hardly a quarter-mile wide up to West 
Malvern, Cowleigh Park, and Old Storrage, where it widens out, forming an 
anticlinal axis. Fossils are much more frequent than in the underlying strata. 
Large shells of the genera Pentamerus^ Atrypa, &c., occur, with screw-like casts 
of an annelid, Tentactdites annidatus. 

This May Hill Sandstone, in a greatly altered condition — turned into 
quartzite, in fact — also forms the Lickey Hills in the extreme north-east of the 
county; but this locality has been described in connection with the South 
Staffordshire Coal-field. 

Going westwards we find the Upper Silurian rocks much folded, forming a 
series of synclinals and anticlinals. First we get some thin bands belonging 
to the Wodkope Limestone^ then shales with the Wenlock Limestoiw^ and then 
a great thickness of shale passing up into a nodular band, which represents 
the Ayniestry Limestone, The general inclination of all the beds is to the 
westward, and they pass up gradujilly into the Old Red Sandstone, which then 
stretches continuously over a great part of Herefordshire. 

Fossils are very numerous in these Silurian beds, and very fine collections 
may be seen in the Museum of the Malvern Field Club. Dr. Grindrod and 
other local collectors have also remarkable and extensive suites of specimens. 

The Old Red Sandstone occupies so little of Worcestershire that it may 
be very briefly considered. It contains remains of land plants, and scales and 
other remains of large fishes. Traces of giant crustaceans also occur. These 
beds form the valley of the Teme, between Tenbury and Martley, and are also 
exposed over a limited area north of Abberley, and in a still smaller patch 
near Shatterford. 

The Carboniferous Formation. -Li Worcestershire the Coal-measures 
repose directly on the Old Red Marls, Sandstones, and Cornstones (concre- 
tionary earthy limestones), just mentioned. There is thus, as elsewhere in 
Central England, an absence of the thick beds of limestone and coarse sand- 
stone (Millstone Grit) which constitute elsewhere the base of the Carboniferous 
' Formation ; and this is usually explained by supposing the existence in those 
times of a la9id harrier stretching across England from east to west, upon 
which, in consequence, these lower beds would not be deposited, but which 
sank altogether or in part beneath the sea before the deposition of the 
measures containing workable beds of coal. 

The Forest of Wyre Coal-field extends from the Abberley Hills northwartls 
in a broad strip, stretching from Bewdley on the east to within a mile of 
Cleobury Mortimer on the west. From Billingsley it may be traced north- 
wards in a long narrow band, barely I mile wide, on the right bank of the 
Severn : to the north-east and east it is overlaid by Permian strata : its surface 
area is about 35 square miles. The beds here are the upper Coal-mea8ures,which 
seldom contain coal-seams of much value or thickness. There are two or three 
beds of workable coal, one of which, about 5 feet thick, has been traced over 
a large region, but, owing to the inferior quality generally, this coal-field has 
not yet been thoroughly examined. In the band of limestone which is sq 
remarkably constant in the higher beds of the Midland Coal-fields, the late 
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Mr. G. E. Roberts found many fossils of interest, such as tiny coiled-up 
iferpula^ with fish teeth and scales, and the small bivalve shell known as 
Pogid&nia. In shaly sandstones near Kidderminster the same geologist 
found fronds of ferns showing distinctly netted veins, a very rare character. 
These were described by Professor Morris in vol. xv. of the Geological 
Society's Journal. A bed of shale which has been cut through near Dowles 
Brook is very full of the impressions of ferns and leaves. Thick woods still 
extend over much of the coal district, in some of which one comes across the 
remains of old sinkings ; and as the ground is undulating, or even hilly, the 
present collieries present a somewhat more picturesque appearance than is 
usually the case. 

To the north-east the Coal-measures pass under the Permians, and there is 
a possibility of the future extension of coal-workings in this direction, by 
sinking through the newer strata. In several places intrusive sheets of basalt 
have been met with. At Arley Colliery, near Bewdley, a boring showed 
i)asaltic rock at a depth of 454 yards ; a fair seam of coal occurred 176 yards 
from the surface. At Shatterford there is a rather remarkable basaltic 
dyke, locally called "dewstone," which appears connected with a fault running 
north and south, the downthrow being to the east. There is also a mass of 
igneous or trap rock near Kinlet. 

The Permian Formation. — Strata of this age only occupy a few detached 
patches in the county, but they present geological phenomena of high 
interest. Just on the south of the Malvems, in Bromesberrow Park, Permian 
beds are described as " conglomerates of a dark red colour, filled with small 
fragments of the adjacent Silurian rocks, to which they are wholly uncon- 
formable, and on which they lie as an ancient sea beach." Similar beds occur 
near Martley, Abberley, Bewdley, Shatterford, on Church Hill, Warshill near 
Kidderminster, and the Clent Hills near Hagley. Here they are breccias, 
that is, composed of large angular fragments of rock, embedded in a paste of 
red marl. The rocks are similar to those of the Longmynd, distant some 
20 miles to the north-west, and Professor Kamsay has suggested that 
they were transported from that point by ice in some remote glacial period. 
Xo fossils have yet been found in the Permian beds of Worcestershire. 

Tub Trias. — Red marls and sandstones of this period occupy at least three- 
fourths of the county. In the south they stretch across from the Malvems to 
Tewkesbury, and thence northwards they form the fertile Severn Valley, with 
an average width of 8 or lo miles. Sweeping round by Droitwich and 
Bromsgrove, they again extend south to Feckenham and Alcester, whilst to 
the north and east they pass right over into Staffordshire and Warwickshire. 

The Bnnter Sandstones and Pebble Beds. — These are the lowest Triassic 
beds, and are only seen north of Stourport and Kidderminster, and on the 
southern flank of the Lickey Hills. They are well displayed along Kinver 
Edge, where, as at Nottingham, " Rock Houses," or caverns, have been 
excavated in the thick-bedded pebbly sandstones. They are seen along the 
crest of the ridge, and in a detached mass called " Holy Austen Rock." All 
the pebbles are waterwom, and consist of quartz, syenite, Silurian sandstone 
and limestone, &c., but no granites and no rocks less ancient than Millstone 
Grit. Every hawl pebble is marked with spots, caused by pressure of 
pebble against pebble, which are very characteristic, and many are traversed 
by cracks produced by the same agency. 

Keuper Marls and Suiidstones. — At the close of the Bunter epoch it would 
appear that the English area was elevated, and became for a time dry land ; 
for we find here no trace of a fossiliferous limestone — the Muschelkalk — 
which intervenes between the Bunter and the Keuper on the Continent. The 
general dip of the Keuper beds is at a slight angle to the south-east or east. 
The intercalated sandstone beds generelly form escarpments running nearly 
north and south, the valleys and the plains being composed of the marls. In 
the east of Worcestershire, however, the beds gently rise, so as to form a 
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trough or HjiKlinal axi«, although they roll over and a^in dip to the euatirnnl 
Ha we fulluw them in that directiun. Tlie lower beds are movtiy bund}', 
rcHchiog a thicknewt of 4Ca ur 500 fe«t. A) (ImTieraley »ihI Hadley there are 
ciuarrie» whi^h jield lmildii^-«toiieH of delimle red and yellonish tintu. which 
liHVe lieen employed with gwid effect in the reetomtion of WorceBter 
Cathedml. The qoarrieH here are fnmi ^ to 40 feet in <lep(h. nod cuntiiin 
|iUnt-renuiiiui. Sear Brumsgrore a rtmartalile foiwil (t»h (DipttroHolim 
ryphat) WHO foond in the asine lieds. 

The yea Rat 3iarlt cunie next in the Beriee. They are finely exposed in 
the railway catting near Worcester Station. Brine sprii^ and !>ede of rock- 
KHlt occur at Droilvich and Stoke : at the former pkce salt has Wen exlmcted 
from the Urine fur upwards of I,ooc> years, nv it was one of the soutcee of 
revenue granled to Worcester Cathedral by Keoulph, King of the Mercians, 
in the year S16. The manner of working has been fnlty descrilied by Mr. 
Homer. The brine occurs in a sort of subterranean reservoir, proved in 
Hcreral liorings to be alwut 22 inches in depth, with a floor of ruck-!«lt and a 
roof of iiypHum from 40 to too feet in tMekness: when this is pierced by 
iHirii^ the l.n'ne ascendit to the surface with force. In 1879 there were ol>- 
taine<l in t^taffonlj'hire and Worcestershire 230,500 tons of salt. 




All these "red rocks" were prolmbl)- deposited in vast inland salt hikes ; 
as these drieil up, the eicess of sail was depositeil on the lake-liotlom. Beds 
of sandstone occur in the marls, and l>oth are frequently ripple-marked ; rain- 
pittin)pi ami sun-cracks often occur, with tracks of eztincl reptiles, such as 
iiiyin-himiurm, showing thai the hike margin was subject to threat fluctuations, 
liccording as the seasons were wet or dry. In the Upper Keuper ^ndstones. 
at Pendo^k, the little crustacean Erfhtrla iHim/ta occurs in a sciod stute of 
preservation ; in appearance it resemMes a small bivalve shell. The thickness 
of this upper member (Kenper) of the Trias in Worcestershire is prolwbly not 



less that 



O feet. 



The Rn.ETic Beus. This name is applied to a series of black and light- 
ct)lcmrcil shales, with nodular lurnds of limestone in the upper part, alti^ther 
not more than from 50 to 100 feet thick, which everywhere rest upon the Bed 
Marls, and are in turn riverlaid by the Lias. Hanllj any goml si ~'~ ~~ ~ 
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stead, on the Glcmcester aiul Birmingham Railway, 
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TiiK Ltiis.— The limestones iind Iiluish clays, which 
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this name, enter the county at Tewkesbury, pass thence northwards to 
Droitwich, and bend round to the Vale of Evesham, thus forming a spur or 
promontory, on which Pershore is the only town of any importance. The 
etlge is usually marked by a low escarpment overlooking the plains of Red 
Marl. At Brockeridge and Deflford Commons, near Tewkesbury, many bones 
of great extinct reptiles have been obtained from the Lower IJait, together with 
the Ammotiiten and; bivalve shells which everywhere occur in abundance in 
these beds. At Strensham, beds»called the "Insect Limestones" are well 
«een. There are three or four small .outliers of the Lower Lias between 
Tewkesbury and the Malvems, as at Berrow Hill, Ham Court, Gray Hill, &c. 

The Marhtone, a hard, ferruginous limestone, is only seen on the northern 
side of Bredon Hill. Here, too, we have tlie U»per Lia» CUiy», about 100 
feet thick, forming wet and marshy ground, capped by Inferior Oolite free- 
stones, the whole rising to the height of 979 feet, and affording a most com- 
manding view of the Vale of the Severn. This outlier is due to a fault which 
runs east and west along the soiithern foot of the hill. 

The DRitT. -By the action of subaerialand submarine causes tlie surface of 
the land has been made to assume its present varied aspect. At a com- 
paratively recent geological period there is gooil evidence that an arm of the 
sea extended up the Severn A alley, forming the " Straits of Malvern ;" indeed, 
the surface everywhere bears signs of complete submergence beneath the sea. 
In the Valley of the Avon we find thick beds of purple bouldernilay, full of 
chalk and limestone pebbles ; over this clay, beds of gravel with flints are 
frequently found. In the centre and north of the county the drift is composed 
of reddish sand and clay, frequently containing pebbles of a greenish slaty- 
coloured rock. Fragments of marine shells sometimes occur. In these beds 
we probably have traces of the last Glacial Period^ when glaciers and icebergs 
<lescended from the north of England bearing stones and mud, which tliey 
deposited in mingled heterogeneous masses where they entered the sea or 
melted. At Harborne near Birmingham there is a fine section showing two 
boulder-clays separated by a siindy deposit. 

Gravels of later age have been deposited by the Severn and the Avon at 
considerable heights above their present beds, showing how the rivers have 
deepened the valleys in recent times. In these gravels remains of extinct 
mammals have been found, but unaccomptinied as yet by any of the roughly- 
ithipped flint implements which are at present the earliest known records of 
the presence of man. 

Prehistoric Man.— Of stone implements of the later or Neolithic period, 
Mr. John Evans found a fine double axe-head of basalt, about 5 inches long 
by 2 inches broad, near Grimley, together with another, pointed at one end 
only. One of rather different shape was found in the bed of the Severn at 
Ribbesford. * 

An oblong piece of chlorite slate, 5f inches long, i j inches broad, and ^ inch 
thick, rounded on one face and hollowed on the other, was found in a gravel-pit at 
Aldington : it has a hole at each corner, and was probably used as a bracer or 
guard for the left arm in shooting with the bow. A similar specimen wan 
found in another gravel-pit at Lindridge. 
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Natural Histokv asd Sciextipic Society. 
Driffield Literan* and Philo:K)phical Society. 

Museum. 

Mll^elml of the Literary and Philosophical Society, Hull. 

PUBUCATIOX8 OF THE GEOLOGICAL SuRVEY. 

Maps. — Quarter .sheets : 95 S.E. Bridlington ; 95 S.W. Driffield, (Survey 
not completed.) 

Books. -Geologj' of the Oolitic and Cretaceous Kocks South of Scarborough, 
)»y C. Fox-Strangwav-s, is. 

Important AVorks ok Papers ox Local Geology. 
List of AVorks on the Geologj' of Yorkshire, hy "W. "Whitaker, in Phillips* 
GeologA' of Yorkshire Coast, 3rd edition ; and in the Guide to 
Fossils in the Leeils Museum (id.). 
1826. Vernon, Rev. "W. — Account of the Strata at Bielbecks, near Cave. Annals 

of Philo-sophy, 2nd series, vol. xi. 
1875. Mortimer R. Well Section in Chalk at Driffield. Joum. Geol. Soc., 

vol. xxxi. p. III. 
1879. Lamplugh, G. AV.— Fresh-water Remains in the Boulder Clay at Brid- 
lington. Geol. Mag., p. 393. 
1881. Fox-Strangways, C. — Geolog}- of York. Science Gossip, p. 169. 
1881. Lamplugh, G* W. Shell BchI at Base of Drift at Speetpn. Geol. 
Mag., p. 174. 

See almet Getierai ListHj p. xxv. 

The physical structure of the Eiist Riding is simple and easily understood, 
and is directly dependent on the nature of the rocks which constitute its 
surface. There is a central axis or ])ackboDe of chalk, which runs from the 
Humber northwards to Settrington, and then curves eastwards to Flamborough 
Head. Older rocks than the chalk form the Vale of Y'ork on the west and 
the Vale of Pickering on the north, whilst newer rocks constitute the Plain of 
Holdemess on the east. 

In the study of this part of England we have not the full advantage of the 
admirable maps which have been executed of other counties by the officers of 
the Geolc^ical Survey, showing the exiict position and extent of every ])ed of 
rock ; but the whole strength of the Survey is now being concentrate in the 
eastern and north-eastern coimties. and doubtless within the next half-dozen 
years we shall have from this Government Department very full and minute 
particulars respecting the rocky structure of this region ; in fact the map of 
the north-east portion of this Riding is already completed, but from the time 
necessary to engrave and colour it, it will probably not be ready for issue for 
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some months. But much has heen done hy amateur workers, so much indeed 
that future students will only halve details left to fill in. 

Passing over the work of Lister (1674), Dr. Alders(in (1799, on Hull and 
Beverley), Storer and "Winch (181 5-1 7, on the ebbing and flowing stream in 
Bridlington Harbour, in " Philosophical Magazine "),we come to AVilliam Smith, 
who in 1821 published the first geological map of Yorkshire (in four sheets). 
In 1829 Professor Phillips (Smith's nephew) published his " Geolog}- of the 
Yorkshire Coast," of which a second edition appeared in 1835, and a third 
(revised by Mr. R. Etheridge) in 1875. '^^^^ fresh-water deposit at Bielbecks 
was described by the Rev. W.V. Vernon in 1829-30 (" Phihisophical Magazine ''). 
Mr. H. C. Sorby has written several notes on the drift of Holderness, but this 
deposit has been most thoroughly examine<l by Mr. Searles V. Wood, jun., and 
the Rev. J. L. Rome (Quarterly Journal Geological S<jciety, vols, xxiv., xxv.). 
Professor Judd has admirably described the Speeton Clay in the same publica- 
tion (vols, xxiv., xxvi.). The Lias has l>een treatetl of in a separate work 
(Blake and Tate on the Yorkshire Lias), and the Chalk has been described 
by the Rev. J. F. Blake (Proc. Geolog. Association, vol. v.) and Messrs. 
Meyer, Mortimer, Rev. T. Wiltshire, and others. 

In commencing a geological account of the East Riding we shall begin cm 
the west of the district, where the river Ouse forms its lK>undary. Here the 
oldest rocks occur, and as we pass from this part eastwards towards the coast 
we shall meet one after another with beds of newer (later-formed) rocks. In 
fact all the rock-be<ls stretch or extend (or strike as we say geologically) from 
north to south, while they slant or dip towards the east, resting one upon 
another in this direction. The consequence is that a deep l>oringanj'where on 
the coast, say at Bridlington or Hornsea, would, after passing through all the 
intervening rf)ck-beds, reach at last those which we are al»out to commence 
with, and which form part of the Vale of York. 

The Trias or New Red Saxdstoxe.— The rocks of this age are in the 
East Riding entirely of a clayey or marly nature. Their colour is red, a fact 
which is due to their impregnation with a small quantity of peroxide of inm, 
and they are entirely destitute of fossils. They stretch across the Ouse 
westward to Tadcaster, &c., and nm north to the Tees, forming in fact the 
greater part of what is known as the Vale of York ; but with their extensicm 
in these directions we have at present nothing to do. Xorthwanls they also 
nm beyond the lx)undar5' of the East Riding between York and Stamford Bridge, 
and southwanls they pass under and are concealed by the alluvial deposits 
forming Walling Fen, &c., and Wjrdering on the Ouse. The beds of this 
division of the Trias are known as the Kewper Marls, and may be 6cx> feet in 
thickness ; a l^oring made at York reachwl this depth and was still in the 
" red rocks." The marV* contain thin liands of g^'psum and (elsewhere) much 
rock-salt. Their mtxle of formation is believe<l to have been in an inland sea 
or lake, whose waters were so charged with mineral substances as to be 
inimical to life. The top of the Keuper marls is generally marke<l by liands 
of a grey or blue tint alternating with red, but the whole of the Trias is s<j 
coveretl over with be<ls of sand, gravel, clay, &c. (drift), of much later age, 
that good exposures are rare. The height of this region is low, not exceeding 
some 70 feet alK)ve the level of the sea. This fact is due to the soft nature 
of the rocks, which have been worn away by rain, rivers, glaciers, &c., at a 
more rapid rate than the hanler masses of sandstone and limestone which 
form hills on the east and (m the west of the Vale of York. 

The Rh.ktic Beds.- This is the name given to beds which, though not more 
than 30 or 40 feet thick in Yorkshire, attain to al>out one hundrwl times this 
thickness in the Rhaetian Alps of Loml>ardy. Thev form a link between the 
Triassic be<ls we have just describe<l and those of tne Lias, to which we shall 
next come, and may be termed " passage beds,'* connecting the one formatitm 
with the other. They constitute the l^nrndarj' of the red marls (m the east, 
ami from their thinnes.s, mcxlerate hardness, and the fact that they furnish no 
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product of economic value, are ven^ difficult to trace on the surface. In fact, 
there is no j^ood exposure of the Rhaetic beds known in tlie East Riding, and 
local pjeologists would do well to search dilij^ently for them. 

Professor Phillips records a section on the railway cutting between Barton 
Station and Howsham. Here were red Keuper Marls (with one greeni<fh-white 
Imnd near the top) surmount e<l by shales containing eighteen thin bands of lime- 
stone, altogether 100 feet thick, and containing the well-known fossil shell 
Gryph<ea incurva in the upper p»irt. In Howsham Woo<l the Rev. J. F. Blake 
found fragments of limestone containing QJiaract eristic Rhtetic fossils, such as 
Avicula amtorfa, &c., and black shales also <K"cur near In Bugthorpe Beck 
are many fmgments of sandst<jne, in one of which Mr. Blake found a saurian 
bone, and these may represent the famous Rh«Btic l)one-bed. The beds called 
Wkife Lkm, which form the top of the Rha^tic series, appear also to occur 
near P(X!klington, Grarrowby, Acklam Wootl, &c. Thus it is pretty certain 
that the Rhajtic beds in the Eiist Riding are composed, as elsewhere, of a 
lower series of bbick shales from lO to 20 feet thick, resting on the Re<l 
Keuper Marls, and c<jntaining one or two sandy hiyers (lM>ne-l)eds), and an 
upper series of light shales and wlvite earthy. limestones (the White Lias), 
containing such shells as Pleurouiya and ModUna. All along the line we have 
indicated, from Hotliam in tlie south, by Owsthorpe and (larrowby, to How- 
sham, a diligent look-out sliould be kept for landslips, excavations, &c., which 
may reveal the wished-for sections. In the "Geologist Magazine" for 1858 
there is an account of the neighbourho(Ml of Hotham by the Rev. T. W. 
NorwocKl, in which it is stated that the ** Lowest Lias may be seen in 
the marl-pits ptissing conformably into the New Red Sandstcme ; " but these 
pits are now cb)sed. 

The Lias. This is tlie name given to a formation consisting of beds of 
bluish sliales and clayn, int erst ratified with thin beds of limestone. Its thick- 
ness in tlie Eiist Riding does not exceed 600 feet, and it has a gentle easterly 
dip of about 2 J degrees, which is tlie same as that of the beds of Red Marl 
on whicli it rests : the Lias can be traced through tlie whole of England, fnmi 
the cliffs at Lyme Regis, in Dorsetshire, through Gloucester, Warwick. 
Leicester, and Lincoln shires, until it crosses the Humber south of Brough. 
From this p)int we can trace it as a low escarpment northwards by North 
Cave, North Cliff, Market Weighton, and Burnby to Kirby Underdale and 
Howsham, where it crosses the Derwent. 

The Lias is everywhere fossiliferous, and the shells, &c., whicli occur in it 
are most fortunately not scattered indiscriminately throughout, but - especially 
the more highly organized kinds, such as the ammonites are restricted on the 
whole to certain levels or horizons, so that when we find for exampfe a certain 
species of ammonite, we oin tell almost exactly in wlmt particular jjart of the 
whole thickness of the Lias the qiwrry is sitiuite<l from which we obtained 
the fossil. In the lowest beds appears the first British ammonite AiiwiO' 
nifeH plnnorhh. These beds are well seen in the marl-pits open in the 1<jw 
escarpment which runs from North Cliff towartls the Humber. Then in 
higher beds occur Aiiutioniten angtdafu«^ A. Biwklandi^ and A. oxynoiu». The 
beds so far may be classed togetlier and calle<l the Lower Lias, and in this 
district they constitute the greater thickness of the formation. 

The Middle Lian is represented by the zones of Ainin(ynUe» arniattiH and 
A. Hphiafus. The latter shell is the chanict eristic fossil of the famous iron- 
stone beds of Cleveland, and these are present in the East Riding, although 
greatly diminished in thickness, and no longer rich in metal. A blue oolitic 
ironstone crops out near Millington and on the South Dalton road near 
Mark(!t Weighton. At Caldwell, near Sandon, a nwigniflcent spring gushes 
from a bed of this r(K*k, and tlience the Middle Lias extends southwards by 
Houghton Hall and Hotham. 

Indications of the Upper LUih are seen at Sancton and Houghton Hall, 
wliere Aiuino'nite» communis and A. hifronn occur in soft clays in such numbers 
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that they liave been used for mending the roads. The jet rock is absent. 
Thus the Lias of the East Hiding agrees in all its main features with that of 
Lincolnshire and the rest of Kugland, and differs strongly from that of the 
North Riding, the change lieing appHrent directly we cross the valley of the 
Derwent. As a point of interest we may add that the limestone liands of the 
Yorkshire Lias are never use<l for lime-lmrning, being too impure. Tlie 
breadth of surface occupied by tlie Liassic beds is on an average I mile from 
east to west ; but in the neighl>ourhood of Kirby Underdale it exceeds 4 miles. 

The Oolite. — Kocks of this age are exposed in two distinct localities - 
firstly, in the north-west corner of the Riding, between Kirkliam and Norton ; 
and secondly, in a narrow band running southwards from near Sancton by 
8outh Cave to the Humber. Between Sancton and South Grimston the 
Oolitic strata are hidden from view by the chalk of the wolds, which over- 
laps them so as to rest directly on the Lias. This is luifortunate, as we are 
thereby prevented from tmcing the manner of junction of the two sets of 
Oolitic beds, which differ in many points. 

Taking the southern area first, we find several exposures of the Inferior 
Oolite near South Cave. There are sandy beds and also layers of good lime- 
stone. These represent the Northampton Sand and Lincolnshire Limestone of 
the midland counties. Between Drewton and North Newljald they are over- 
laid by sandy clays containing fossils which prove them to belong to the 
Oxford Clay. 

In the northern area the Inferior Oolite extends from Kirkham by Westow 
and Acklam to South Grimston. The order of succession can be made out 
fairly well on the sides of the valley of the Derwent. The lowest beds here 
are the Dogger ironstone of Kirkham and Castle Howard, al>ove which come 
beds of shale and then the Main or Whitwell limestone, which is quarried at 
"Westow and seveml other pbices. This bed is considered to represent the 
Lincolnshire Limestone on the one hand and the " Millepore Bed "of the 
Yorkshire coast on the other. Higher up the Derwent Valley, between 
Mennithorpe and Norton, we find beds of the age of the Oxford Clay, Cqpil- 
line Oolite, and Kimmeridge Clay. The latter runs eastward across and 
indeed forms the basis of the Vale of Pickering, although it is so covered over 
by drift as to be hardly ever visible at the surface : it forms the northern or 
lower part of Filey Bay, while the harder Coralline Oolite runs out to sea as 
the lieadland calleil Filey Brigg. All along their course in this region the 
Oolitic beds form a belt of varied picturesque scenery, rising to heights of 
from 300 to 400 feet above the sea, and contrasting well with the more 
monotonous tracts of the Vale of York on the west, and the chalk wolds on 
the east. Both the Liassic and the Oolitic strata were, we think, deposited in 
seas of no great depth, the coast line of which lay to the north and west. 

The Neocomian or Lower Cretaceous Formation. — This term includes 
certain strata known as the Speeton Clay, from their great development 
on the coast at Speeton Cliffs, about half-way between Flamlxjrough Head 
and Filey Brigg. These Speeton beds may be as much as 500 feet in 
tliickness. They contain numerous fossils, such as Belemnites jaculum, Exo- 
gura siniiat-a, &c., with several zones of Ammonitea. Professor Judd has shown 
them to be the equivalent of the Neocomian strata of the Continent, and 
(in their upper part) of the Lower Greensand of the south of Kngbind. The 
cliffs are much obscured by landslips, whilst a great fault or dislocation of 
the strata prolwibly runs through Speeton Gap; hence their study is one of 
great difficulty : they have a south-westerly dip of about 10 degrees, passing 
under the chalk, to which they are unconformable : the Speeton beds are ex- 
posed at only one or two places inland, as near West Heslerton and Knapton. 

Upper Cretaceous Formation. — The Chalk. Where the Chalk forms the 
coast-line it rises in height fiom 159 feet at Flamborough Head to 450 feet 
near Speeton. Striking to the west it passes inland by Hunmanby to Thorpe 
and Settrington. Here the direction changes, and it runs southwards past 
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(iamiwbj, Wiirter, LiindBsljorougli, bdiI OoixlnuinhHm to Nortli FerrEby on 
the Humliur. All Hlung this curri^l line th« chalk furmx h Imid eecnrpmenl. 
whoHB eilronia heiglit <» 8o8 feet Ht Wilton Beucoa, nenr Kirliy UnderdHle : 
Acklnm Wiilil n 751 feet hihI Hunsley Bancun 531 feet. From this eHCHrp- 
ment Ihe snrfnfu fpiidniklly slopes t» thu Houth HiufeHiit until ntvir Bridling on, 
Driffield, Boviirley, anil HesiHlc the phiilk pHiMeB under tlwt great accumulHtinn 
i)f clay, khihI. Sim., wliioh furniK the surfntie of the Plain of Holdemess. The 
iTescent'shnpeil nurns of cluilk thus eipoaed nt the Hurfuce inrtudeii about 376 
xquare miles, and in 15 miles wide in its central part, but tapers aSi to abiut 
one-thint of thin amonnl nt its eastern ami southern terminations : its tirtiil 
thickness is 800 fett. 

At the base we find an irre^hir Wl of nd chatk well seen h( 3pee(on nnd 
from 6 to 2rf feet tliick. BeUamilei' mmiiHng is the commonest fossil. Orer 
this cumes the i/rei/ i-holk al>out 80 feet thick : np to this point no flints oocnr. 
Thtn we get a mas<ii>f flitit-lwHringcluilk 3S0 feet thick cuntRinin); /»0(vniM(w 
as a rommou shell ID Us lover {nrt and sea-nnhins ( Vfrnmrrr) in the upper. 
Idistly tlie liiKhest ami most easterly lieds (310 feet thick) are destitute 
of Hints and iiititHiii raanj fossilized sponps with VarnHpi/eii &e Mr. 
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Mortimer of ?imber hjis a 
Danes Dyke, on the coast, i 

fossils. In its scenery the Yorkshire chalk much resemlilea that ol the st 
of Rngland. The smooth and rounded contoar at its hills, intersected by dry 
winding valleys and almost liare of trees, enables the skilled eye to recognise 
the nature of the rocks which compose it, with great readiness. When 
William Smith, "the father of Knglish Qeolugy," visited York, in 1794, he 
wrote, " From the (op of York Minnter I could see that the wolds containe<l 
chalk by their contour." It may lie noticed that the Y'orkahire chalk is much 
harder than that of the soutli of England ; it is quarried at nwny puintB for 
lime'buniing, while the flints are used lo mend the roads. As to its niiKle of 
formation, the chalk appears t<i lie an organically-formed rock, i.e., it is com- 
poseil mainly of the tiny shells of rarious species of fomminifem (micro- 
scopic creatures of low orgnnizutjon) such as now inlutbit the surface of the 
North Atlantic. As these die their shells tnll to the Inttom, where they 
cons! i tut e a whitish ooie or mud, which wher^ dried and hardenecl by beat 
and pressure forms a macs much like chalk, which rock we therefore think waa 
formKi in much the same way at the lottom of a deep ocean bat some 
millions of years ago at the very latest. (See flgs. 94 and 94*.) 
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yORKSmRE-EAST RIDIXG. 
We n-iw 



'e niiw pMHH over a great periml of time. Ui rejire- 
:n Yurkxhire, nod in Ihv Hurfnoe Hframnlntionii of 
HolilernesH ire cumx Hi onee upun <lepiiHitB vhii^h vere formed vhen thin 
niuutiy had for H time an eilremely cold climate, »i> that gTCHi ict-TtMHtfur 
(glai-ien) niTcred nil Ihe north uf Englund. The Btonex (Inulden) bimI mod, 
ru1i1>e<l bj these glHrien off the Uild form the Grtal Chalky BoMer Clay. 
vhich in eipotied Ht the foot of the cliff at Uimlington. nitil also belTeen 
Kingloiroiiffh nitd Muppleton. Od top of this Imcleiwolooreil chalky clay, 
vt fiml in Dimlington Cliff and in Bridlington Harbour, a nhelly drpriait irhich 
mar mark an iaterral vhen the climate for a time wab wanner. XhcuI^ 
C/Jili-Mia in a chnract eristic shell. Aliore this, we bH a I'urplf Ih,dder tHay 
Hionf; the cuast between Bndlington, Flamliorc>ii(;h Head, aiHl f*i)eeton. It ik 
UDBtmtjfied, tr>iigh, ami of a parplinh-browii 
nil'iur, conlainintc angular and atriated itonrH. 
In itti lower part it is very chalky, but thiH 
material dimlnishcH in amount upwanlN. The 
Hers'.f Handt and Gtveel* occur'neur HtHi-le on 
ihe Hnmber, ami are overlaid by the HesHlr 
Koolder CUy, which Blretches over monl of 
the plain of HnUlerDess. 

Ijutly, we )cet frefh-water depoaitu at one 
or two poiUii. UK at Bicllieckx, z miles .'■oath 
of 3Iarket Weighton. These contain niarl- 
Iwda fnll of Hver ami land thelU of Ktill-liviog 
■pecieH, together with lionen of large (iiiadru- 
jwiln, HUi'h an the mammoth ami rhin<>ccroii. of 

I'liEniirrORic MA:r. — The East Riding in ei- 
Iremely rich in those flint implemenlH. which 
Irelonged to people who inhabited our islandn 
'«;fore the use of metnln wat> found out. This 
tjtone Age. as it is termed, is divided into two 
|«rls an older or PalavliliK. when the stone 
implements were of the roughest arul rudest 
character; and a later or ^'iw/i/JH?, by which 
time man had attained considerable skill in ' 
the treatment of flint, which was the material ; 
almost invariably selected for the manufacture 
of the various axe-heads, knives, scmpers, 5-r,;: — — , 
arrow.he»ds. &c.. which we find. All the BrtdUngt«i,l„._„„.. 
Yorkshirespecimenslielong to the Neolithic perioil. Scattered over the Wolds 
at Bridlinf^on, Sherbum, Acklam Wold, Cowlam. Firalier, Gautun Wold, Rnd- 
atone, &«., very many specimens of these ancient stone tools ami weapons 
have been found : inHeed, at some places, they are so numerous that it seems 
probnble they mark the site of ancient manufactories, spots on the Wold* 
where, the flint being specially suited for the pnrpoBe, lai^e numWrs were 
made to exchange with neighbouring irilies (or otner commulities. Those 
who wish to be able to recognise these prehistoric stone objects, should 
experiment on lamps of flint with a hammer, holding the flint in mie hand 
and striking it smartly on the edge with the hammer. The shape of the 
flakes detached will !« found to W very different from the naturally 
fractured flints, .luch as may be picked up in the 1*<I of a river or on the 
Mca-shore. 
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The officers of the Government Geological Survey have for several years been 
actively engaged in the North Riding ; maps of the eastern and western parts 
will probably be published during the present year (1881), but for the central 
part (Vale of York) we shall have to wait some time longer. "We are not ig- 
norant, however, of the general geological features of the . district. The 
arrangement of its rock-masses has been well descril)ed by several authors, 
some of whom, imleed, have lalxiured at their elucidation with special care 
for the sake of the county which gave them birth. First we must place Pro- 
fessor John Phillips; his works on the "Mountain Limestone** and the 
" Yorkshire Coast,** together with his geolc^'cal map of the entire county 
(published in 1853) are of the highest interest and accuracy. Mr. J. G. 
Bakers "North "Yorkshire** (1863) is a very useful compendium. The 
" Yorkshire Lias,** by Tate and Blake, and two important papers by Mr. "W. 
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H. Hudleston on the Oolites, lately published in the Proceedings of the 
Geologists' Association of London, give minute details respecting the beds of 
the eastern division. Much has also been done by Messrs. Tiddeman, Dakyns, 
De Ranee, L. C. Miall, Binney,- M.. Simpson, J. Rofe and others. Mr. Wood 
may be named as a great collector of the fossils of the mountain limestone, 
and Messrs. Williamson, Bean, and Leckenby for the coast. The museums at 
York, Scarborough, Whitby, and Richmond, contain local collections of rocks 
and fossils, which may be freely inspected. 

The great extension of the North Riding from west to east causes it to 
include a large varietv of rocks, for it is well known that in England the 
strata, or ])eds of rock, run across the country from north-east to soutli-west, 
resting one upon the other, the oldest or first formed lying most to the west. 
This order of succession holds good in North Yorkshire. The l>eds of the 
Pennine chain in the west are the oldest, and those which form the south-east 
comer of the coast between Scarborough and Filey are the newest of all the 
stratified rocks which enter into the "solid" geology of the district. The 
glacial deposits of clay and gravel, with travelled blocks of stone of all sizes, 
rest indiscriminately on the edges of the rock-beds of which we have been 
speaking, and must be -considered separately. 

The CARBOxiFiEROus Formation. -The rocks which bear this name form all 
the west of the county, from the Pennine ridge as far east as a line drawn 
from Pierce Bridge, on the Tees, to near Tanfleld, on the Ure. Here we can 
distinguish three main divisions, viz. : (i) the Carboniferous Limestone, also 
called the Mountain Limestone and Great Scar Limestone ; (2) the Yoredale 
Rocks ; (3) the Millstone Grit. The total thickness of these beds is about 
3,000 feet, but it is not easy to say exactly how much of this belongs to each 
division. The reason for this is that as we go northwards we are approaching 
the shore line of the ocean in which these Carl>oniferous l>eds were depisited. 
Consequently, the Limestone, which to the s^juth, in the West Riding and 
Derbyshire, forms an undivided mass some thousands of feet in thickness, 
becomes much reduced as we go northwards, and beds of shale and sandstone 
are interpolated in it ; it is well exposed along Yoredale (or Wensleydale) 
between Hawes and Middleham. 

The YoredaU Rocks, which succeed, were so named by Professor Philli[M«, 
from their occurrence higher up on the sides of the same valley ; they are 
composed of sandstones (flagstones) and shales, with some limestone l>ands ; 
the latter are quarried at Gilling. They contain good veins of lead ore, whicli 
are worked at several points in Nidderdale, Swaledale, Wensleytlale, and 
Wharfedale. The total amount of lead ore raised in Yorkshire in 1875 was 
4.050 tons ; this yielded 2,946 tons of lead and 7,438 ounces of silver. In 
1879 there were raised 5,132 tons of ore, yielding 3,713 tons of lea<l and 64.75 
ounces of silver. Arkendale and Old Gang were the most productive mines. 
The veins in which the ores occur were, doubtless, once Assures or cracks in 
the rocks, and the minerals they now contain have >>een deposited from water 
holding them in solution as it circulated through these fissures. 

The MiUiftone Grit owes its name to the hard coarse beds of sandstone whicli 
mainly compose it ; altogether it is from ^OO to 600 feet thick- Between 
Masham, Bedale, and Melsonby the Millstone Grit forms comparatively low, 
flat ground, an undulating moorland gritstone country, whose surface is al>out 
300 feet aliov« the level of the sea. But as we follow it westwards it rises 
and forms a capping to the highest hills, which indeed owe their existence to 
the weather-resisting powers of the hard sandstones which compose it ; it 
forms lofty ridges separating Teesdale from Swaledale, and the latter from 
Wensleydale. ri.sing to heights of over 2,000 feet, and, still rising westwards, 
crowns Shunnor Fell (2,329 feet). Water Crag (2,186 feet), aivl Micklefell 
(2.600 feet). 

The scenery of the Carl>oniferou6 tract is verj' i-aried. On the Pennine 
escarpment the fine perpendicuLir "scars" formed by the lime«t<mes are 
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conspicuous, and it is to the alternation of hard limestones with softer beds of 
shale and sandstone that the numerous " forces," or waterfalls of the same 
region and the dales are due. Subterranean caverns and " swallow-holes " 
abound in the limestone rocks, and although the surface vegetation is scanty, 
yet ferns of great beauty line the frequent fissures which traverse the rock. 
The Millstone Grit forms a somewhat dreary moorland surface. 

The fossils of these rocks confirm the ideas already stated concerning the^r 
origin. In the limestones we get remains of crinoidsy and marine shells, such 
as Prodiictus giganteKs, Orihoceratites, and Bellerophon. Messrs. Wood and 
Rofe both formed fine collections of Crinoidea from this district, and of a new 
genus, named Woodocrimis after its discoverer, many very beautiful specimens 
have been found in Swaledale, near Richmond, showing the long stem, cup- 
like body, and branching tentacles of this curious " sea-lily." Higher in tho 
series the shales and grits contain scanty plant remains, and even thin coal- 
seams. Chert is common ; it is an impure variety of flint. The splendid 
collection of fossils formed by the late Mr. E. Wood has been purchased for 
£j20 by Mr. Reed and presented by him to the York Museum. 

The Permian Formation. — No Coal-measures are present in the North 
Riding, so the Permian beds rest directly upon the Millstone G-rit. Doubt- 
less, the coal-field of Durham was once c<mtinuous with that of the West 
Riding, but before the deposition of the Permian strata, a great upheaval 
took place in an east and west direction, and from the district so mised 
between the Tees and Wharfe the Coal-measures were denuded or swept away. 

The Permian or Magnesian limestone crosses the Ure half-a-mile west of 
Tanfield Bridge : thence it runs N.N.W. to Thornton Watlas, forming an 
escarpment 300 feet high, with an easterly slope. We then only see it in 
irregular patches near Little Cnikehall and Catterick, until it again appears 
on the south side of the Tees at Pierce Bridge, where it constitutes the lower 
part of the clifl^s. 

The Trias, or New Red Sjindstone, forms the vale of York, a comparatively 
low level tract of land which runs from 3Iiddlesbrough and Croft on the 
north, southwards past Northallerton and Myton, to and beyond York. The 
Red Sandstones and Marls are scarcely ever exposed to view in this district, 
being deeply covered up by glacial deposits of clay, gravel, &t. The lower 
Triassic beds are called the Bunter (or variegated) Saii^sfove. They run along 
the west side of the vale, whilst the Keuper Maris occupy the eastern side. 
In a boring made at Middlesbrough, by Messrs. Bolckow and Vaughan, in 
1868, after passing through 58 feet of surface deposits they penetrated 81 
feet of red marls and clays, containing two beds of gypsum, 2 feet and 6 feet 
thick respectively. Neit came no less than 1,067 ^^^^ ^^ white and red sand- 
stone with gypsum veins. At a depth of 1,206 feet, the borer entered a bed 
of rock-salt, and continued in it to a total depth of 1,306 feet, thus giving a 
thickness of 100 feet of salt. Here the boring stopped, the total thickness 
of the salt bed not having been proved. It is in the Trias of Worcestershire 
and Cheshire that our great stores of salt are found, but they are there 
attained at one quarter of the above named depth. 

The Lias. — This is the geological name for a great series of bluish shales 
and clays which have harder beds of ironstone in their central portion. The 
whole series is of great thickness in north-east Yorkshire. Mr. Blake gives 
Lower Lias 378 feet. Middle Lias 470 feet, and Upper Lias 280 feet, making a 
total of 1,128 feet. These beds form the easterly part of the vales of York 
and Cleveland. They form, too, the slopes of the moorland hills which are 
capped by the Oolitic beds, and they are exposed along the sides of many inland 
valleys, as in Eskdale, Rosedale, Bransdale, &c. The whole series extends 
from the Derwent Valley between Kirkham and Howsham in a north-westerly 
direction, past Craike to Dalton and Thormanby, then it runs due north by 
Osmotherly, but turning to the north-east passes through Stokesley ami 
Guisborough to the coast between Redcar and Staithes. The beds have a 
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gentle south-easterly dip of about 3 degrees, and can be traced southwards 
along the coast, forming the lower portion of the cliflfs as far as Robin Hood's 
Bay, where, owing to an east and west fault, they extend inland for some 
distance. 

The Lower Lias is composed of blue clays with thin bands of impure shelly 
limestone. In the Middle Lias we get a great development of iron ore. One 
bed known as the "Bottom Seam" is characterized by the fossil Ammonites 
margaritatus, but the famous " Cleveland Main Seam" is situated from 7 to 20 
feet above this, and is characterized by the presence of Ammonites spinatus. 
These beds are the equivalents of the marlstone series of the middle and 
south of England. In the year 1875 the quantity of ore (argillaceous car- 
bonate) rais^ in north Yorkshire (Cleveland district) amounted to 6,124,794 
tons, valued at four shillings per ton net at the mines ; in 1879 only 4,750,000 
tons were raised, and the net price at the mines was estimated at three shil- 
lings per ton only. (See Grovemment publication, " Mineral Statistics of the 
United Kingdom," by R. Hunt.) The m^iin seam is thickest and most valu- 
able at its northerly outcrop at Eston Nab, where the workable part is from 
10 to 12 feet thick, and it decreases in value as we follow it south-east to 
Whitby and south-west to Thirsk. On an average the rock contains 30 per 
cent, of metallic iron. This seam may be said to have been first worked by 
Messrs. Roseby at Skinningrove in 1848, but it is to the firm of Bolckow and 
Vaughan, who openetl the main seam at Eston in 1850, that the chief share 
of credit is due for the immense energy and vigour with which they laid the 
foundations of the vast industry now centred at Middlesbrough. 

The Upper Lias is shaly and contains the jet-rock series near its base. The 
substance known as jet appears to be formed by the segregation of the bitu- 
men with which the shales are charged. It is not fossil wood, though pieces 
of wood are often found which have l)een converted into jet. The manufac- 
ture of jet ornaments gives employment to about 1,500 persons, and is chiefly 
carried on in "Whitby : the value of the trade in 1872 amounted to ;£88,ooo. 

Above these jet-beds we get the alum-skaleSf marked by the shell called 
Leda omim. They are abont no feet thick, and in former times the shale of 
Whitby was our only natural source of potash-alum. The shale having ]>een 
dug was calcined by means of burning brushwood : it was then washed in 
large cisterns to obtain the aluminium sulphate, and after evaporation either 
sulphate or chloride of potash was added, which precipitated the alum in the 
form of flour. About 25 years ago a Mr. Spence, of Manchester, invented an 
improved process by which alum could be more cheaply olitained from the 
shales of the Coal-measures, and the Yorkshire product has, in consequence, 
been driven out of the field. 

The Yorkshire Lias furnishes a rich collecting ground to the fossil-hunter. 
No fewer than fourteen distinct zones, characterized ])y different species of 
ammonites, have been made out, whilst of other shells there is also a great 
profusion. Bones of large reptiles (the Ichthyosaunts and Plesiosaurus) 
characterize the upper portion, where (especially in the jet-beds) remains of 
fishes are also common. 

The Oolite. — The oolites of north-eastern Yorkshire present many striking 
differences when compared with those of the typical region of the Cotteswold 
Hills. Instead of the thick beds of limestone which there constitute the main 
feature of the formation, we find in Yorkshire a great development of sand- 
8tone« and shales full of plant-remains, and containing many shells resembling 
those which now inhabit estuarine or brackish waters. Even thin seams of 
coal occur, and altogether it is easy to see that the Yorkshire oolites were 
mainly formed in a large estuary and in shallow seas near to the coast line, 
while those of the south-western counties were accumulated in a deeper and 
more tranquil sea. 

In the cliffs of the Yorkshire coast between Staithes and Filey, we get a 
magnificent section of these beds cutting right across their strike, so that after 
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examining the lowest and oldest beds in the northern part, say between 
Btaithes and Robin Hood's Bay, we find as we walk southwards along the 
beach higher and higher beds continually coming on, for the beds have a steady 
southerly dip or slant until at last they pass underneath the chalk at Speeton 
Cliflfs. At Blea Wyke (or Blue Wick), near the Peak, about 60 feet of sandy 
1>eds occur above the Lias. These are true passage beds connecting the Lias 
with the Oolite : they represent the Midford Sands ; Linguia Beanii is a 
characteristic fossil. When we attempt to follow the different oolitic beds 
inland, we find them change very rapidly, becoming much thinner and losing 
the arenaceous and argillaceous character as we follow them towards the south- 
west. Three main divisions are clearly traceable. 

The Lower Oolites form what Professor Phillips called the Moorland Range 
of hill8,which extends from Scarborough and Whitby westward to the Hamilton 
Hills ; the chief height attained is at Burton Head, 1,489 feet, but Hamble- 
ton End is 1,300 feet, and the cliffs at the Peak 605 feet above sea-level. 
Rosebury Topping (1,057 feet) and Eston Nab (800 feet) are detached hills 
capped by the Lower Oolites. The Howardian Hills are also formed of the 
Lower Oolite. The bottom bed is called the " Dogger," and contains a seam 
of ironstone : it has been largely worked in Rosedale, where it swells out so 
as to form an enormous boss of iron-ore. Mr. Hudleston writes : " On the 
testimony of the foreman of the miners it exists as a sort of hump or saddle, 
600 yards long by 150 yards wide and 80 feet high. It has been 'drifted' 
in all directions during the last fourteen years for the purpose of extracting 
the ore, and is now pretty well riddled. There is nothing like it in all this 
district, and it may fairly be described as the richest ore in North Yorkshire, 
a perfect nugget of ironstone on a bare hill-side, 700 feet above the level of 
the sea. Before it was so much quarried and drifted, it used to stand out as 
a conspicuous cliff, and men hunted foxes into its holes and recesses. There 
is a tradition that during thunderstorms the lightning frequently struck that 
cliff of iron ; and the country folk said that treasure must be concealed there, 
which was true enough, whilst others, more superstitious, thought that the 
devil lay buried beneath. It is a fact, however, that the magnetic iron ore 
was used as a road-stone for years by people who took it to be a kind of 
whin-stone or ]>asalt." It contains nearly one-half its weight of pure iron. 
These Moorland Hills are heathy and barren, and the scenery much resembles 
that of the Millstone Grit region. 

In Gristhorpe Bay there is a seam of coal 9 inches thick ; a shaly bed in 
the Lower Oolite here has yielded 14 species of cycads, ferns, &c. 

The Middle Oolitea form the hills which Professor Phillips called the Tabular 
Range, because of their flat tops. They extend from the coast between Scar- 
borough and Filey westward across Trout sdale and Newtondale to Kirby 
Moorside, and the Hambleton Hills west of Helmsley. Here they curve round 
and stretch by Hovingham to Malton. The beds dip south and south-east : 
they have a steep but short escarpment on the north, but slope more gently 
southwards until they pass under the clays of the Vale of Pickering. At their 
base we can distinguish the Kelloway Rock, 80 feet thick at Scarborough, but 
thinning southwards to 5 feet in Gristhorpe Bay. Then comes the Oxford Clay 
130 feet, capped by the Coral Ray 200 feet thick, which from its hardness 
forms the upper stratum of the flat-topped hills. All these beds are well 
seen in Newtondale and in the steep sides of the other dales, formed by streams 
running from the Moorland Range on the north into the Vale of Pick-ering, 
and cutting through the Tabular Hills on their way. 

The Upper Oolite is represented by the Kinwieridge Clay, which forms the 
greater part of the Vale of Pickering, whose surface is from 70 to 100 feet 
above the sea-level. This clay is of considerable but unknown thickness, and 
is only exposed at a few points on the north side of the vale near Helmsley, 
Kirby Moorside, &c. : it yields Ostrea deltoidea, everywhere common in beds 
of this age. 
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Basaltic Dykes. — In Teesdale, from Caldron Snout to near Middleton, a 
great intrusive sheet of basalt forms the boundary line between the Scar lime- 
stone and the Tynebottom limestone (the lowest member of the Yoredale 
series). From this region the famous dyke of igneous rock known as the 
Whin Sill runs northward through Durham and Northumberland. Two dykes 
also run eastward : one of these, passing by Cockfield in Durham, crosses the 
Tees midway between Yarm and Stockton, and can be traced by Stainton, 
Langbargh, and Castleton to near the Peak on the coast. 

The Drift. — The surface accumulations of the North Biding do not offer so 
complete a history of the Glacial Period as may be obtained in Holdemess, 
Lincolnshire, &c. The reason of this is that, lying farther north and on 
higher ground, it was repeatedly swept over by ice-sheets descending from the 
north, each one pushing before it and destroying the accumulations left by the 
preceding glacier. Excavations made almost anywhere in the Vale of York 
reveal large boulders of northern rocks — granite from Shapfell in Westmor- 
land, basalt, limestone &c. Some fine specimens, which were uncovered in 
excavating the foundations for the new railway station at York, have been 
placed in the grounds of the Museum there. mBJiy of these blocks were pro- 
bably brought by a glacier which crossed the Pennine ridge, at the depression 
known as Stainmoor. With an alteration in the climate the glaciers dis- 
appeared, and since that time the only additional deposits have been formed 
by the rivers, which in the low ground frequently rise above their banks and 
flood the surrounding country. 

Peehistoric Man. — The limestone caverns of the North Riding have not 
yet yielded evidence of so early an occupation by man as the Victoria Cave 
near Settle, Kent's Cavern near Torquay, &c. In the cave at Kirkdale near 
Kirby Moorside, which was discovered in 1821, and examined by Dr. Buck- 
land, there were found embedded in stalagmite the remains of about 300 
hyaenas, together with the gnawed and broken bones of a large number of 
other animals, such as the ox, elephant, rhinoceros, &c. The cave is in the 
Coralline Oolite, and was evidently once a hyaena's den. As to the date of 
its occupation by them there is little evidence, but it 11^^ probably post-glacial. 
Of the stone implements used by the prehistoric inhabitants of the North 
Riding many specimens have been found, such as axe-heads (celts), arrow- 
heads, knives, scrapers, &c. These are usually fashioned out of flint, and 
belong to the later or Neolithic Stone Period. On the oolitic hill-ranges in 
the east many of the rounded mounds or barrows, which are the burial-places 
of chiefs, have been opened by Mr. Bateman (see " Ten Years' Diggings "), 
Canon Greenwell, and others, and foimd to contain stone weapons, &c., which 
had been interred with the corpse. Full particulars of all these " finds " are 
given in Mr. John Evans' great book "The Ancient Stone Implements of Great 
Britain." 
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Before commencing to describe what the "West Riding is Diade of, that is to 
say, before beginning to give an account of the rocks which in that region 
form the outer portion of the earth's crust, it seems very desirable that we 
should explain clearly what we propose to do. 

The surface or soil upon which we walk is made up of broken disintegrated 
fragments of solid rock masses which lie below, or perchance we may walk 
upon the solid rock itself. Now, suppose we start from Leeds, or Wakefield, 
or Sheffield, and walk to the west, we shall soon find ourselves standing on a 
different kind of rock, first on massive sandstones, then on limestone. If on 
the contrary we walk eastward, we get, after passing over coal-seams and 
thick beds of clay, on to a different kind of limestone, and then to a rich soil 
of red marl forming the Vale of York. 

But on the contrary, if we proceed either to the north or to the south, we 
shall fiHd ourselves walking continuously upon the same or nearly the same 
bed of rock as that from which we started, until we get north of Leeds, when 
there is a change in the direction of the beds or strata. 

If we turn to a geologist for an explanation of this, we shall learn that the 
earth's crust in our district is made up of several successive beds, or layers, 
or strata of rock. 

We may note here that every substance which enters largely into the 
composition of the earth's exterior is technically termed a rock, whether it be 
hara like granite or sandstone, or soft and yielding like shale or clay. 

The different beds of rock lie one upon the other, and were all originally 
formed at the sea-bottom out of mud, sand, &c., brought down ])y rivers, or 
washed off coasts. Thus, when they were made, each layer in its turn was 
quite horizontal or flat. 

But, owing to the action of deep-seated volcanic forces, it is certain that 
no portion of our globe remains long in a state of rest ; it is either elevated 
or depressed. We know that what is now dry land has been many times 
below the sea, and vice versa, or as Tennyson finely puts it — 

" There rolls the deep where grew the tree. 
earth, what changes hast thou seen ! 
There, where the long street roars, hath been 
The stillness of the central sea." 
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Now, when England was npheaved long, long ago abore the waters, not once 
only, but several times, with intervals of rest and intervals of depression, 
the upheaving forces acted at one time most strongly along a line ranging 
from Morecambe Bay to the month of the Tees, and at another time along an 
axis extending right down from the Cheviots to the river Trent, forming, in 
fact, the Pennine Chain. 

This is the main reason why we find the greatest elevaticms (m the north and 
on the west, and why Mickle Fell, the colminating point of the Yorkshire hills, 
rising to a height of 2,580 feet, is found in the extreme north-west comer of 
the county. Thus, the different layers or beds of rock have, on the whole, 
a slope or dip towards the east and south, while they come to the surface or 
crop ont^ one after the other, as we walk over their uptuned edges from east 
to west, the lowest and consequently the oldest rocks coming up last in the 
west. On the contrary, when we pass from south to north, we walk along the 
outcrop or line of extension of the rocks, and consequently do not see the 
same changes. 

LiTESATURE OP THE SnuBCT.— In the third edition of Phillips* "Geology 
of the Yorkshire Coast " there is a full list of works on Yorkshire geol<^y, 
compiled by that chief of geological bibli(^raphists, Mr. W. Whitaker. 
There is also a capital list by Mr. L. C. Miall in the " Guide to the Fossil 
Collection in the Leeds Museum." So numerous are these books and articles 
that it is impossible to do more here than to indicate a few of the principal 
ones. Professor Phillips' books, " The Rivers, Mountains, jind Sea-Coast of 
Yorkshire " and his " Mountain Limestone "^ are classical works. In the 
Proceedings of the Geological and Polytechnic Society of the West Riding 
of Yorkshire there is a rich store of information, whilst the " Geological 
Magazine," the " Colliery Guardian " and the Quarterly Journal of the 
Geological Society contain very numerous and valuable papers on the subject. 
A concise account of the coal-field, with a very clear outline map, will be 
found in Hull's " Coal-Fields of Great Britain," in connection with which the 
Report of the Roj-al Coal Commission of 1871 should be studied. The 
Geological Survey has accurately laid down on coloured maps, every bed of 
rock, and these maps, together with the " Memoir on the Geology of the 
Yorkshire Coal-field," lately issued by the Survey, constitute a most complete 
and thorough account of the geological structure of the whole region. 

The Silurian Formation.— Beds of this age are the oldest rocks which 
occur in Yorkshire, and they occupy a limited area only, in the north-west 
comer. The lowest bed of rock is called the Conieton Li tHe^tme and is of the 
same age as the Bala Limestone of North Wales ; it occurs in Helm Gill, west 
of Dent : it is a bluish-grey limestone and is overlaid in the Sedl^ergh district 
by a considerable thickness of shaly beds, cont^ning a trilobite {TrinuHeus 
eoncentricus) and a bivalve shell (Strophomefia depre«ga). All these beds are 
of Lower Silurian age, and a great interval elapsed before the succeeding beds 
were laid down upon them, during which the Lower Silurians were hardened, 
upheaved, and folded. Upon their upturned edges the Conisfott Flags and Grits 
were deposited, and these have been shown by Professor Hughes to belong to 
the Upper Silurian Period, and upon them we find the Bannisdale or IreUth 
Slates, the equivalents of the Ludlow and Wenlock beds of Shropshire. All 
these beds are exposed in the valley of the River Rawthey, a trilmtary of the 
Lune, and they also run eastwards, along the northern edge of the Craven 
fault, past Ingleton and Settle, to Gordale Beck. Thus they "are found at the 
bottom of the deep valleys at Horton-in-Ribblesdale, Crummack Beck, Clapham, 
Chapel-le-Dale, and Kingsdale. At Gordale the slates contain beds of tough 
blue crj'stalline sandstone. The dip here is to the south-south-west. The 
number of boulders of Silurian grits which appear on the surface near Kiln- 
sey-in-Wharfedale probably indicates the presence of similar beds beneath the 
covering of drift and alluvium which there conceals the valley-bottom. 

The Carboniferous Formation.— It has been considered that the Old Red 
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Sandstone, so well developed in Scotland and in Herefonlshire, is possibly 
represented by scattered patches in the north of England. East of Sedbergh in 
the Valley of the Rawthey we find a mass of coarse red conglomerate, 2 or 3 
miles in length and resting unconformably on the Coniston Grits : it is between 
200 and 300 feet thick, and contains scratched pebbles. Professor Ramsay 
considers the conglomerate may, perhaps, have been formed in some remote 
glacial period, but of late the idea has been gaining ground that it is a shore 
deposit and really belongs to the Carboniferous Limestone, of which it forms 
the base. These red conglomeratic beds contain no fossils. 

In the great series of Carboniferous rocks there are four clear and, on the 
whole, well-marked subdivisions. 

I. The Carhoniferotis or Mountain Zriw«€«/(w*€.- Ranging east and west from 
Clitheroe to Skipton, and again from near Ingleborough, by Settle, to Kilnsey 
and Hartlington, we have a region where the rocks which form the surface 
are chiefly of a tough pale grey, rather crystalline and nearly pure limestone : 
its base is often a limestone matrix full of pebbles, often of Silurian rocks, 
but varying according to the nature of the underlying strata. Sometimes, 
too, we find beds of sandstone at the base, often of a reddish tint, which some 
geologists have assigned to the old red sandstone, but which are shown by the 
fossils they contain to be truly of Carboniferous age. This Mountain Lime- 
stone is a deposit of great thickness, and, as already noted, we owe its appear- 
ance at the surface to two great systems of upheavals, running nearly at right 
angles to each other. The mountain limestone of Derbyshire, which forms 
the well-known tract between Buxton and Wirksworth, is, notwithstanding its 
great thickness, a surprisingly compact and homogeneous mass ; but this mass, 
dipping to the north-east, passes beneath the later-formed beds, and is hidden 
from view until we get it again brought up to light north of Clitheroe, Colne, 
and Skipton. Here we find it to contain several beds of shale, but the lime- 
stone still preponderates ; it is the Scar Limestone of Phillips. Between 
Malham and Gargrave we find the beds of shale thickening ; then, still going 
northwards, beds of sandstone begin to split up the higher part of the lime- 
stone. Under Ingleborough there is a nearly undivided calcareous mass, 400 
or 500 feet thick ; but at Alston Moor there are no less than twenty different 
limestones, amounting altogether to 470 feet in thickness, obscured by the 
interposition of no less than 1,686 feet of sedimentary strata. Further still 
to the north these mechanical admixtures increase in amount, while the 
calcareous strata diminish, and at length, in the northern parts of Northumber- 
land, the limestone district has become a valuable coal-field ; Phillips esti- 
mates the thickness of Scar Limestone imder Penyghent at 400 feet ; south of 
this point its base is only seen where it reposes on Silurian rocks, near 
Malham Tarn, Ingleton, &c. The Geological Survey estimates its thickness 
near Clitheroe at above 3,250 feet. 

In the great upheavals and depressions to which the beds have been sub- 
jected, numerous dislocations or slips have taken place, by which the beds have 
been cracked, and one side lifted higher than the other. Such dislocations 
are geologically termed faults. The North and South Craven faults, which 
run from north-east to south-west, are good examples. In these faults rich 
deposits of lead ore are often met with : it appears to have been deposited 
from water trickling through the crevices until they were filled up. Li 1875 
there were raised from the Yorkshire mines 4,050 tons of lead ore, which 
produced 2,950 tons of lead, and 7,438 oz. of silver ; in 1879 there were raised 
5,132 tons of lead ore, valued at ;if 50,220 ; the greater portion of the ore, 
however, came from the North Riding (see " Mineral Statistics," by R. Hunt, 
for 1875). 

As limestone is slightly soluble in rain-water, we get little depth of soil 
in parts where this rock forms the surface, but a short thick herbage grows, 
which fattens sheep, and to this fact is due the fame of the pasturage of 
Craven. The water, moreover, of the limestone tracts is always hard from the 
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prc^enee of the dissolved carlxHiate of lime. CaTems are nameroas, and are 
invariably dae to rain-water. Sinking through surface cracks and then cours- 
ing along subterraneous passages, the rain-water enlai^es the crevices 
or joints which traverse the rock in all directions. In this way the river 
Aire springs forth at once a full-sized stream from under MaUiam Cove, a 
huge cliff of limestone 285 feet high, the water having chiefly come, no 
doubt, by an undeiground route from Mai ham Tarn, a picturesque little lake, 
situated on high ground to the north. Sometimes a portion of the top of 
these underground river-courses falls in, and then we can see the stream 
forcing its way and creating a great noise by dashing together the stones 
which have fallen in ; such are the Pots^ which occur in many of the dales, as 
Gingle Pot and Hurtle Pot, near Ingleton. Of the caverns, that in Ingle- 
1>orough has been explored by Mr. James Parrer for a distance of nearly half 
a mile from the mouth, thus piercing the very heart of the mountain. 

We may add that the limestone fcuEts a high reputation both for burning 
into lime and as road-metal, for both of which purposes it is largely em- 
ployed. In several places the rock exhibits very remarkable foldings and 
contortions, as at Draughton, Skipton, &c. Of the r^on between Malham 
and Bolton Abbey, Mr. W. H. Dalton says : — " The beds are often vertical 
and look as if they were tied in knots. If a book were put through a turnip- 
cutting machine and subsequently daubed with mud, the task of determining 
the page and line of every visible and invisible fragment would be little more 
perplexing than has been the deciphering of the contorted and broken lime- 
stones of South Craven.*^ But the task has been done and done well, and we 
have the results in the admirable maps, sections, and memoirs of the Geolo- 
gical Survey. 

2. The Yoredale Rocks. — These beds were so termed by the late Professor 
Phillips from their development in Yoredale (or Wensleydale), the Valley of 
the Ure : the name, however, was an unfortunate one, for the more detailed 
and minute work of the Geological Survey has shown these beds to l)e 
wanting, or to be doubtfully present, in the Yore Valley. The Yoredale beds, 
where present, consist of alternations of flagstones, shales, limestones, and thin 
seams of coal. From the moors alx)ut the upper part of the river Derwent in the 
south-west, these beds run up west of Halifax to Bowland Forest, curving 
round thence to the east by Ham^ate. The thickness of the strata is very 
variable, amounting to as much as 2,300 feet in the Ribble Valley, but only 
600 feet at Heljden Bridge, near Halifax. This, and the occurrence of thin 
seams of coal, would seem to show that in this region there were then great 
alternations in the state of the surface, for the Carl coniferous Limestone was 
undoubtedly formed in a deep and pure sea, whilst to form the Yoredale 
Rocks much muddy sediment and sand would be necessary ; and lastly, the 
coal-seams show that the beds were elevated more than once above the 
sea-level. 

The black bituminous shales which occur in the Bowland district have led 
to numerous trials for coal there, which, it need scarcely be said, could have 
no chance of success. 

3. The Millstone Grit. — The strata which bear this name would seem to 
indicate a still more persistent shallowing of the carboniferous sea, for they 
consist in the main of coarse sandstones, with beds of shale between, and 
some thin, yet occasionally workable, seams of coal. The beds of grit or 
coarse sandstone are four in number : the lowest is known as the Kinder Scout 
Grit, because it caps the Peak in Derbyshire, also forms the hard rocky tops or 
plateaux of the outlying masses of Ingleborough, Whemside, &c., and the 
mighty escarpment of Gragreth. The highest grit-bed is called the " Rough 
Rock " and is well seen in the bold ridge known as Otley Chevin. Near 
Skipton it is so coarse as to be a conglomerate containing pebbles 2 or 3 
inches long. Fossils are few, but plant-remains are not uncommon, all of the 
same species as in the coal-beds above. The officers of the Geological Survey 
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estimate the thickness of the Millstone Grit near Skipton at 3,333 feet, with 
eight seams of coal. 

All along Western Yorkshire, from the Peak country by Halifax, Sowerby 
Bridge, and Keighley, the Millstone Grit extends, forming a hilly, somewhat 
barren country, often moorland, and with an easterly inclination or dip : it 
then turns eastward, and the Rough Rock caps all the hills between the 
Wharfe and the Aire, and forms outliers above Keighley on both sides of the 
Worth : it dips here to the south-east imder the Lower Coal-measures. At 
Pateley Bridge, near Harrogate, are the well-known Brimham Rocks, huge 
irregular crags which rise in fantastic shapes from the moorland : they are 
due to local variations in the hardness of the rocks and are the result of long 
exposure to the action of the weather. 

At Horsforth, near Leeds, flaggy beds in the Millstone Grit are largely 
worked, and the "Yorkshire Stone," so much used for building and other 
purposes, comes from here. Addingham Crag and the Ilkley Crags, near 
Bradford, are also formed of Millstone Grit. In this district the sandstones 
are very irony ; thousands of chalybeate springs issue from them, and when 
ploughed they are seen to form a red soil. The coarse red sandstones of 
Bramham Moor, Plumpton, and Knaresborough were believed by Sedgwick and 
Phillips to be of Permian age, but they have been conclusively shown by Mr. 
Binney and others to belong to the Rough Rock of the Millstone Grit. 

4. The Coal-measures. — The Yorkshire coal-field forms the northern portion 
of a great mass of coal-bearing strata, which extends southwards in Derby- 
shire and Notts, as far at least as the River Trent : it is bounded on the west 
and north by the moors of Millstone Grit, but on the east by the escarpment of 
the Magnesian Limestone, underneath which it dips. Thus it forms the half of 
a tilted basin, of which the eastern portion lies buried imder newer, later-formed 
rocks. In Notts, the coal-seams have been reached by boring through these 
newer beds at Shireoaks Colliery and elsewhere, and the coal-seams will pro- 
bably be followed in a simihir way in Yorkshire. 

The Yorkshire coal-seams are believed, with good reason, to have once been 
continuous with those of Lancashire. But the upheaval of the Pennine Chain 
severed the connection ; and another, probably earlier, upheaval in the north, 
acting along an east and west line, separated the Yorkshire from the New- 
castle Coal-field. 

Thus, in the Carboniferous age, we must imagine that Yorkshire formed 
part of the sea-floor of a deep and clear sea in which the Moimtain Limestone 
was formed, prol>ably from the remains of countless numbers of minute 
organisms and shells. Then this sea shallowed, and we get the Millstone Grit 
formed ; lastly, during the formation of the Coal-measures, even terrestrial 
conditions prevailed. 

The mocle of accumulation of the thick beds of carbonaceous matter which 
constitute our coal-seams was long a vexed and difficult question. It is now, 
however, pretty clear that they are the compressed remains of dense forests, 
which grew on clayey flats but little above the level of the sea. Under every 
coal-seam we find a bed of under clay (or spavin as it is termed in Yorkshire). 
This was the soil in which the ancient forest grew, and it is usually full of the 
rootlets (stigmaria) of a plant known as the SigiUaria, whose stems and 
branches are among the commonest of our coal fossils. In a piece of coal it 
is not easy to discern the vegetable tissues by the naked eye, but this may be 
done by grinding down a slice imtil it is so thin as to be semi-transparent, and 
then examining it with a microscope. In the beds of sandstone and shale 
which lie between the coal-seams, the fossils are much more easily recognisable. 
Here we find the fronds of delicate ferns, and the remains of gigantic club- 
mosses {Lepidodtndrmi) ; reed-like CalamiteSf too, occur, which are allied to the 
horse-tails of our marshes and ditches. At Wadsley, near Sheffield, some 
stumf s of Coal-measure trees w^re uncovered in excavating the site of the 
Lunatic Asylum ; they are sigillariae, and Mr. Sorby has shown from the 
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character and exten»ioD of their routs, that the prerailing winds were then, ah 
now, from the west. 

Animal remains are not so common. The shells are chiefly fresh or brackish 
water kinds, and the fish and reptiles such as would be likely to occur in inland 
waters or estuaries. 

We may divide the Coal-measures of the West Riding into three divisions — 
Lower, Middle, and Upper. 

Liiwer CoaJr-meoMuren. — These are aljout 1,500 feet thick, and are also known 
as the Gannister beds ; they include all the strata between the Rough Rock 
(top of Millstone Grit), and the Blocking or Silkstone coaL 

At Elland, Bradford, &c., there are some well-known beds of flagstone, and 
from 100 to 130 yards l>elow these are the lowest workable coal-seams. The 
upper one is known as the Halifax Hard bed, and the Halifax Soft bed which is 
30 yards lower, is itself only 40 yards aliore the Rough Rock. Owing to the 
upheaval on the west, these beds crop out^ or come to the surface, along a line 
passing west of Bradfleld, Penistone, and Huddersfield. The roof or top of the 
Hard Bed is a black shale full of shells, such as Gtmiaiitea^ Orthoceras^ and 
Aviculopecten^ which is very characteristic of this particular leveL A hard 
siliceous stone, known as calliard, or gannister, is also found alx>ve and below 
the Hard Bed ; it is ground up to line furnaces with, and also used as road- 
metal and for rough walls. The Hard-bed coal is from i^ to 3 feet thick, but 
the Soft bed not more than 2 feet. 

The Better Bed Coal is alx)ut 30 feet aliove the Elland Sandstone ; it is exten- 
sively worked by the Low Moor Iron Company, being used by them for smelt- 
ing the clay ironstone of the district ; it is very free from sulphur, and the 
excellence of the iron made by this firm is in a great measure due to this seam. 
A thin stratum of shale, less than I inch thick, associated with the Better 
Bed Coal, is so full of fish-remains as to be named by Mr. J. W. Davis a 
hon&4)ed. The clay underlying tliis coal is of very good quality, and is made 
into fire-bricks, tubes, terra-cotta work, &c. The total quantity of fire-clay 
raised in Yorkshire in 1875 ^^^ iS3»96i tons, but in 1879 the amount had 
diminished to 155,938 tons. 

Middle Coal-iivefusures. — These contain the most valuable coal-seams. The 
Silkstone, or Sheffield, or Black Shale coal of South Yorkshire, is a soft and 
bituminous bed of great purity, producing an excellent house coal, and is also 
well adapted for coking; it is without doubt the same bed as the "Arley 
Mine" of Lancashire, and thus was originally spread over not less than 10,000 
square miles. It is rarely above 5 feet in thickness, and can be traced 
northwards with certainty as far as Cawthome, where it consists of two beds, 
each 2^ feet thick, with a dirt>l>and between ; here it breaks up into several 
beds, and dies away. Proceeding northwards we soon meet with its equivalent, 
however, in the Blocking Coal, which is a1>out 2 feet thick, and which can be 
traced up to Pudsey. 

Another important seam is the Bamsley, whijeh is 4 feet thick near 
Sheffield, 7 or 8 feet at Rotherham, and 10 feet at Bamsley. Passing by 
Darton and Crigglestone, we find it so broken up by dirt-seams as to be 
worthless, but it recovers itself, and is then known as the Warren House Coal, 
and further north still as the Gawthorpe seam. Professor Green has ably 
explained these variations by showing that the beds probably grew in various 
swamps, all on about the same level, but separated by muddy channels. AlK>ve 
the Bamsley Coal we get the Wath Wood seam, which is known north of 
Bamsley as the Woodmoor Coal. Still higher in the series, and cropping 
out further east, we have the Shafton Coal, probably the same as the Nostell 
seam, and which lies about 430 yards above the Bamsley CoaL Altogether the 
Middle Coal-measures are about 900 feet in thickness near Bi#dford, but 
nearly 3,000 feet in South Yorkshire. Of the intervening beds of sand- 
stone, some, by their superior hardness, have been enabled to resist the 
denuding forces which have worn away the softer shales. They now staml 
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out, forming bold escarpments and lines of hills, contributing much to the 
beauty of the otherwise tame and flat Coal-measure tracts ; among these 
hard sandstones we may name the Oak's Rock, the Cud worth Rock, and the 
Woolley £dge Rock. We may here call attention to the aid which has been 
rendered by intelligent workers in collieries, who have saved any remarkable 
fossils they met with. Aided in this way, Professor L. C. Miall, of the Leeds 
Museum, has done excellent work in elucidating the nature of the carboniferous 
flshes. Of Megalichthys the most perfect known skull is in the Leeds Museum, 
and also the palatal plate of Ctenodits upon which the genus was founded by 
Agassiz. Mr. Miall has done even more important work among the Lahyrinthr- 
odonts, an extinct order of reptiles, allied to the frogs, but attaining a length 
of 8 or 10 feet; their bones often occur in the roof of the coal-seams, and they 
should be diligently looked for and preserved. The total amount of coal raised 
in the West Riding in the year 1875 was 15,425,278 tons, this being the pro- 
duce of 523 collieries ; in 1879 the amount was 16,024,249 tons from 525 
collieries. The Coal-measures also yield a great quantity of ironstone, which 
usually occurs in roimded lumps or nodules, forming more or less regular 
layers. We get the iron in two states of combination : first with sulphur, when 
it has a yellow appearance, and is known as iron pyrites or coal brasses ; of 
this about 2,500 tons were raised in 1875, valued at ;£ 1, 250; and 1,650 tons, 
valued at £S2$ in 1879 ; secondly, the metal occurs united with carbonic acid, 
when it is called carbonate of iron. As this has always much clayey matter 
associated with it, it is commonly- known as argillaceous carbonate or clay 
ironstone. Black Band is the most valuable kind of ironstone, and is dis- 
tinguished by the large amount of carbonaceous matter which it contains. Of 
the carbonate, 159,089 tons were raised in the West Riding in 1875. At the 
same time there were 37 furnaces in blast, which produced 267,153 tons of pig 
iron. This shows that a very large quantity of iron ore is imported from the 
Cleveland and Lincolnshire iron districts. In the smelting of the ore it is 
estimated that 695,557 tons of coal were used. In 1879 there were 31 furnaces 
in blast, and 218,805 tons of pig iron were made. 

Upper Coal^nea»ures. — We assign to this division certain beds of coiirse 
redciish grit, known as the Red Rock of Rotherham, which occur east of that 
town and which are supposed to be not far from the true centre of the basin. 

Resources and Future Extevsion. — As the most valuable beds of coal — the 
Silkstone and the Barnsley seams — become exhausted towards their outcrop, 
they will be and in fact are being followed eastwards along their dip. The 
country east of Barnsley and Wakefield is as yet almost untouched, and 
although the depth to the top hard coal is here not much under 2,000 feet, 
while to the Silkstone seam it is another 1,000 feet, yet in the Lancashire 
coal-field collieries are now being worked at depths quite as great as these, 
and there can be little doubt that working at a depth of even 4,000 feet is 
possible under the improved systems of ventilation. It would even seem 
probable that coal may be got at Selby, Doncaster, Tickhill, &c. ; for if the 
coal-beds rise up to the east as they do to the west, then the depth there 
may not be so great as to prevent profitable working. In fact, the existence 
of beds belonging to the Coal-measures has already been proved as far east as 
the river Trent, by borings at Scarle in Lincolnshire, which reached them at 
about 1,900 feet. Although plant-remains were brought up, the exact position 
of the strata in the carboniferous series could not, unfortunately, be deter* 
mined ; most probably, however, they belonged to the highest division. 

The Permian Formation. — A line drawn from Nottingham to Tynemouth 
will nm along a narrow band of limestones, reddish sandstones, and marls, 
known as the Permian beds. They were so named by Sir R. Murchison from 
their great development near Perm, in Russia. 

In Yorkshire the Permian strata usually rest upon sandy red beds of Car- 
boniferous age, these latter owing their colour to the infiltration from above 
of water containing salts of iron. For a long time these red sandstones 
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magneHian limestone yields some excellent building stone usually of a yellowish 
tint, compact and fine-grained, but variable in quality and requiring careful 
selection in the quarr}'. The Anston quarries furnished the stone for the 
front of the Museum of Practical Oeology, in Jermyn Street, London, in which 
there is said to be not a single bad block. There are other important quarries at 
Brodsworth, Cadeby, and Park Nook, near Doncaster, Huddlestone near Shei^ 
bume,and Smawse near Tadcaster. Other buildings which may be mentioned 
as proring the excellence of the stone, are the keep of Conisborough Castle, Tick- 
hill Church (15th century), Huddlestone Church (iSth century), Huddlestone 
Hall (i6th century), Roche Abbey (13th century). Westminster Hall was 
built of stone from Huddlestone, York Minster of Jiiekdaw Craig stone, while 
that of Smawse was used for Beverlev Minster. The smoky atmosphere of 
towns does not, however, appear to suit the magnesian limestone. The grand 
new church of St. George at Doncaster showed blocks on the exterior in a 
state of decay within one year after its erection. 

The Trias. — Passing still eastwards, we now come to the rocks which form 
the western part of the Vale of York. The strata here are often covered 
over and obscured by deposits of Drift or Warp, presently to be de- 
scribed, but where visible we see them to be mainly soft, thick-bedded 
reddish sandstones, with inter-stratified pebble-beds. They belong to the 
lower division of the Trias, which is known as the Banter or I ariegated 
Sandstone. In the south, Tickhill is built on an outlying patch of the lower 
sandstone, while the High Common east of the town shows the pebble-beds. 
From this point northwards, we get few opportunities of seeing the Bunt^r 
l)ed8 : they pass by Thome and Snaith, and form the plain west of York. In 
a lx»ring at Walmgate, York, 161 ^'ards of soft brick-red sandstone were 
passed through. At Aldborough and Ripon the Bunter sandstone was 
formerly used as a building stone, but the quarries are not now worked. 
Near the latter town there are several curious natural pits or shafts 60 or 70 
feet deep and from 50 to lOO feet across. They have been well descrilied by 
the Rev. J. S. Tute, and appear to be due to the dissolving away by water of 
certain beds of red marl and gypsum contained in the underlying Permian 
beds. The overlying beds of Bunter Sandstone, then having nothing to sup- 
port them, fell in. At Sharrow, one fell in during the night, about 1850, and 
alarmed the inhabitants of a neighbouring house, who in the morning found 
little more than the breadth of the road between themselves and the pit. 
About 1830, some men at Bishop Monckton were making a stack near the 
Old Hall, and had left it for a while ; on their return they found that the 
ground had given way beneath the stack, which had disappeared. The men 
hastened in great consternation to their master, exclaiming, " It's gone ! it*8 
gone ! " The hole still remains a receptacle for rubbish. 

The upper division of the Trias or Kenper Marls and Sandstones barely 
enters the West Riding near Aldborough. and does not call for notice here. 

Post-Plioce5B Formation. — Tke Glacial Period, — We must now pass over 
an immense interval of time, to be numbered in millions of yean, during 
which such deposits as the Liassic clays and the chalk of the East Riding 
were being formed. These rooks probably once stretched much farther to 
the west than they do now, running up probably to the foot of the Pennine 
Chain. But during the course of unnumbered ages they have gradually 
l>een worn away, until now they lie altogether on the east of the Ouse. 

So far as the researches of men have gone at present, it seems that about 
a quarter of a million years ago. this earth was so situated with regard to the 
sun, that the northern hemisphere was in large part covered by a great ice- 
cap, which, descending southwards, ground over our rocks, teanng them and 
smoothing them, and carrying on the debris to be deposite<l as a thick coat- 
ing on surfaces far distant from their native home. Thus it is that in York- 
shire we find irregular beds of tough blue, brown, and yellow clay, full of 
pebbles of rocks which occur further north, and alternating with beds' of gravel 
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Hod 8Hnd. Proofs of this ice action Hre also seen in the grooves and striae left 
on the bare hill-sides in Wharfedale, along Rombald's Moor, Ingleborough, 
&c : the low rounded hills of Craven are mainly hummocks of boulder-clay. 
Great glaciers, coming down from the Howgill fells and the Cumbrian moun- 
tains, appear to have l)een divided by the Pennine Chain, the western ice 
sweeping down Lancashire, and the eastern ice proceeding in an east and 
south-east direction through Craven, and reaching as far as Airedale at least. 
Owing to the gradual sinking of the land, the sea advanced over the Vale of 
York and up the Valley of the Aire, washing and re-distributing much of 
the Boulder-clay, which is consequently now scarcely recognisable as such. 
The eastern slopes of the Pennine Hills, however, south of the Aire basin, 
do not show any signs of glaciation. 

Post-Gl.^cial Deposits. — On the extensive low and fiat lands which stretch 
westwards from the Humber and run up either side of the Ouse, nearly to 
York, we find a deposit of fine clay, which is termed Warp. The greater 
part of this great clay flat is now about 50 feet above the level of the sea, 
but it was deposited at a time when the land was slightly lower than at pre- 
sent, and when the tide rolled daily over the area now occupied by fertile 
corn-fields : the warp appears to consist of sediment washed off the land or 
brought down by rivers, and is in fact a true tidal alluvium. 

Of the terraces of River-Gravels which occur at varying heights on the 
sides of our river-valleys, and of the peat deposits of the moors, we have not 
space left to speak. These things belong to times comparatively recent, 
and they pass on into the alluvial deposits which are forming at the present 
day along our river-courses. 

Traces op Prehistoric Man. — We have now obtained evidoice of the 
existence of the human race at a period long anterior to anything referred 
to in written history, or even in tradition. 

The relics which furnish the proof are the tools and weapons tuade of stonCy 
which were used by these early inhabitants of our country, and their great 
antiquity is shown by the circumstances under which they are found, and by 
the absence of any historical, account of the period when they were in use, 
either in England or any other part of the Old World. We find savage 
nations, however, still retaining the knowledge of the manufacture and use 
of such stone objects, and from them much has been learnt respecting the 
stone implements which an English workman would simply regard with 
amazement. 

Antiquarians and geologists have recognised two periods in the stone age. 
In the earlier — called the Paleolithic or older stone age — the implements are 
roughly-chipped flint nodules, of large size, and either pointed or oval in form. 
These are found at considerable depths in river drift, as in the brick-pits near 
the Thames, &c. 

None of this type have yet been found north of Peterborough, and it has 
been su^ested that the north of England was then perhaps so covered with 
glaciers as to be unfit for habitation. A diligent look-out should be kept in 
all gravel-pits, especially those 40 or 50 feet above the level of the present 
rivers, for there we are most likely to meet with such objects. 

The second and later stone period is called the Neolithic. Now we find the 
implements much lighter, more elegantly shaped, intended for a greater number 
of purposes, and moreover very frequently polished or rubbed. The people 
of this time as well as the preceding were quite ignorant of the use of 
metals. Later still the art of smelting copper ore seems to have been found 
out, and by the admixture of a little tin, bronze was produced, which for a 
long time remained in use. Finally iron was discovered. 

Stone objects of the Neolithic period are not so common in the West 
Riding as on the Wolds of East Yorkshire, or the Moors of the North 
Riding. One reason may be that they have not ])een so diligently looked 
for, but we must also remember that the principal material used was flint, 
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and this would l)e plentiful on the chalk wold», while it does not occur west 
of the Ouse. From Adel, near Leeds, Thoresby recorded as long ago as 1 71 5, 
two flint arrow-heads, and in 1868, the boys of the Reformatory there, found 
three beautifully finished arrow-heads, and several javelins, knives, flakes, 
&c. ; scrapers also intended for cleaning skins, and cores or masses of flint 
from which pieces had l)een struck off. The spot seems in fact to have l)een 
H kind of manufactory', to which flint was brought from the chalk-wolds 
further east. 

Several polished celts, or axe-heads of flint, together with one ground at 
the edge only, were found 6 or 7 feet l)elow the surface, in a sand-bed near 
York, and nearly a quarter of a mile from the river which is thought to have 
deposited the sand. In Leeds a perforated hammer-head, made of green- 
stone, was found 12 feet deep in gravel, while sinking for foundations for the 
works of the North Eastern Railway in Neville street. 

A link uniting the ages of bronze and stone was found at Broughton-in-Craven 
in 1675, ^^^ '** recorded by Thoresby. A stone axe-head was found there in 
an urn, together with a small bronze dagger and a hone. 

The most important evidence, however, as to the early existence of man in 
the West Riding has been furnished by some caves of the limestone district. 
In Cave Ha, near Giggleswick, Professor T. McK. Hughes found broken pot- 
tery, flint-flakes, a stone bead and Iwnes — especially one molar tooth of a 
bear. At the more important Victoria Cave, near Settle, very important dis- 
coveries have been made by Mr. R. H. Tiddeman and Mr. Jackson, aided by 
private subscriptions and an annual grant from the British Association. This 
cave is in the Carboniferous Limestone and is about 1,400 feet above the sea. 
The floor was covered with stones fallen from the roof : imder these was a 
blackish layer containing charcoal, with enamelled ornaments of metal, show- 
ing that the cave had prol)ably been inhabited by the Romano-Britons in the 
troubled times which followed the withdrawal of the Romans about 450 a.d. 
Next came a layer, alxjut 6 feet thick, with many flint implements, bone har- 
poons &c. ; this was evidently of Neolithic age. Bones of the badger, rein- 
deer, horse, &c., were found in and under this layer, but then the explorers 
came on a lower bed of laminated clay, containing scratched boulders of 
Silurian limestone ; lastly, at the bottom of all, came numerous bones of the 
hysena. mammoth, rhinoceros, &c., and a single bone of a shape much resem- 
bling a human fibula (one of the leg-bones). Prof. Busk, however, now 
assigns this l>one to the skeleton of a bear. Now if the laminated clay was 
deposited during the Glacial period (and the ice-scratched boulders in it 
would seem to indicate this), then the bones found beneath it prove the 
existence of these various animals in the West Riding prior to the 
glacial epoch, which would be a fact of high interest and importance. 
It has. however, been ai^ed that the clay and boulders may have been 
washed into the cave by floods, &c., and the evidence is hardly complete. The 
exploration is still being pursued, and search is being made for the bed of 
the ancient stream which originally hollowed out the cavern. The lowest 
(and therefore presumably the oldest) bones yet found are those of a small 
species of wolf. 
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867. Geikie, Prof. — On the Volcanic Rocks of the British Isles. Rept. 

British Assoc, Dimdee, p. 49. 
872. Hicks, Dr. H. — On Menevian Fossils. Q. Joum. GeoL Soc., vol. xxviii. 

P- 173- 
872, &C. Stanley, Hon. W. O. — Stone Circles, Weapons, &c., found in Anglesea 

and North Wales. Archaeological Journal. 

872. Symonds, Rev. W. S. — Records of the Rocks. Murray, 128. 6d. 

874. ^lackintosh, D. — Glacial Traces in the Lake District and North Wales. 

Q. Joum. Geol. Soc., vol. xxx. p. 179. 

875. Davies, D. C. — Phosphorite Deposits of North Wales. Q. Joum. 

Geol. Soc., voL xxxi. p. 357. 

876. Ramsay, Prof. — Physical History of the Dee. Q. Joum. GeoL Soc., 

vol. xxxii. p. 219. 
876. Mackintosh, D. — iBeds of Drifted Coal near Corwen. Q. Joum. GeoL 

Soc. vol. xxxii. p. 451. 
876. Davies, D. C. — On some of the Causes which have helped to shape the 

Land on the North Wales Border. Proc GeoL Assoc, vol. iv. 

p. 340. 
876. Davies, D. C. — Drift of the North Wales Border. Proc. Geol. Assoc, 

vol. V. p. 423. 

876. Langley, A. A., and Bellamy, J. C. — Slate Quarrying in the Festiniog 

District. Proc. Inst. Civil Eng., vol. xlvi. p. 21 1. 

877. Evans, J. F. — Mines of the Parys Moimtain, Anglesea. Trans. Manch. 

Geol. Soc, voL xiv. p. 357. 
877. Davies, D. C. —Relation of the Carboniferous Strata to the Permian. 
Q. Joum. GeoL Soc, vol. xxxiii. p. 10. 
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1877. Hiighes, Prof. McK. — Silurian Grits of Corwen. Q. Journ. Geol. Soc, 
vol. xxxiii. p. 207. 

1877. Phillips, J. A. —On certain Eruptive Rocks of North Wales. Q. Journ. 

Geol. Soc, vol. xxxiii. p. 423. 

1878. Hicks, Dr. H. —On some Pre-Cambrian Areas in Wales. Geol. Ma^., 

p. 460. 

1878. Huglies, Prof. McK. Pre-Cambrian Rocks of Bangor. Q. Journ. Geol. 

Soc, vol. xxxiv. p. 137. 

1879. Hicks, Dr. H. —Classification of Pre-Cambrian Rocks. Geol. Mag., 

P- 433- 
1879. Rudely, Thos. -On the Upper Part of the Cambrian (Sedgwick) and 

Base of Silurians of iNorth Wales. Q. Journ. Geol. Soc, vol. xxxv. 

p. 200. 

1879. Hicks, Dr. H. —Pre-Cambrian Rocks of Carnarvon and Anglesey. Q. 
Journ. Geol. Soc, vol. xxxv. p. 295. 

1879. Bonney, Prof. -Quartz-Felsite, &c, at Base of Cambrians in North- 
West Carnarvon. Q. Journ. Geol. Soc, vol. xxxv. p. 309. 

1879. Mackintosh, D. — Erratic Blocks of ... East of Wales. Q. Journ. 
Geol. Soc, vol. xxxv. p. 439. 

1879. Hughes, Prof. McK. — ^Further Observations on Pre-Cambrian Rocks of 

Carnarvon. Q. Journ. Geol. Soc, vol. xxxv. p. 682. 

1880. Hughes, Prof. McK.- -Geology of Anglesey. Q. Journ. Geol. Soc, 

vol. xxxvi. p. 237. 
1880. Callaway, Dr. C. Pre-Cambrian Geology of Anglesey. Geol. Mag., 
p. 117. 

1880. Hicks, Dr. H. — Pre-Cambrians in Harlech Mts. Geol. Mag., p. 519. 

1881. Bonney, Prof. T. G. — Serpentine, &c., of Anglesey. Q. Journ. Geol. 

Soc, vol. XXX vii. p. 40. 
1881. Callaway, Dr. C. — Archsean Geology of Anglesey. Q. Journ. Geol. 
Soc, vol. xxxvi i. p. 210. « 

See also General Lists, p. xxv. 

Until half-a-century ago, it may be said that no scientific investigation had 
been made of the nature and relations of the rocks of North Wales. With 
all the other old rocks, both of this country and the Continent, they were 
termed "Transition** or "Grauwacke,** and it was considered impossible to 
trace in them any separate series, or to determine their order of succession. 

In the year 1831, however, one of the best geologists that ever buckled on a 
hammer — the late Adam Sedgwick, the Woodwardian Professor of Cambridge 
—addressed himself to the arduous imdertaking of examining and describing 
this region. The task occupied him many years, and indeed he may Ije said 
to have worked at it until his death in 1873 ; he was the first to distinguish 
the main subdivisions of the strata, and so he prepared and cleared the way 
for the subsequent minute mapping of the rocks by the Government Geological 
Survey. To the assemblage of be<ls of rock, which he found to form the 
crust of the earth in North Wales, Professor Sedgwick gave the name of Cam- 
brian, from Cambria, the ancient name for Wales. 

While this ardent geologist was attacking Wales from the north, where, as 
we now know, the arrangement of the rocks is most complicated and very 
difficult to decipher, his friend Mr. (afterwards Sir) R. I. Murchison, had 
begun to work on the rocks of South Wales and Shropshire, where the lieds 
are much less disturbed, and the whole problem of their arrangement and 
succession easier; to the strata seen there and in the adjacent counties, 
Murchison gave the name of Silurian. 

Subsequently, when the Geological Survey came to minutely examine the 
whole region of Wales (1842-46), it was found that the upper Ijeds of Se<lg- 
wick*8 Cambrian system were identical with the lower layers of Murchison's 
Silurian; the latter geologist at once appropriated this extension of his 
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sjtilaa, anl on the iceolo^oil maps published bj the Suirey. ouIt h Hmalt 
4n4 Jb dhuvB as CHmbruD, lh« dinding line being dravn at the la>e of the 
UEttcnlii Flag*; nf Ule yean, howerer, frc«h diacoreries hare led Brirish 
Keul<igis(s lu reconsider the qneMioD, utd in this work the Cambrimi ETstem 
vill }je carried ap to the l^ue of the Areaig Group of njcks, a claaaificalioD 
which is in aiMonlancc with the liewa of Ljell, Philiipn, and Geikic 



Farther discuvenes made within the last few lears mainlT bv Dr. Hicks— 
Ji either the SilorisD o 



: shown that in Wales there exist rocks ulJer than ei 



Cambrian strata, comparable perhapn with the laoreDtian roeks ot Canada, 
which are the oldest known on the face of the giube. 

Ereiy one who has visited North Wales must (if he has thought opoii the 
subject at all) hare wished to know gomethiDg of the rocks which form all 
the beautifal scenery of that region, and to which the climate, the soil, and 
the nomlier, character, and occnpatiiHis of the people are so largely due. We 
shall endeuTour to describe the Tsrions strata in succession, cotnmencing 
with those wh'ich hare been determined to be of greatest age. 

PrB-C.ihUkiak FoBHATiox.^In the Geological SurvcT iiLipti. there nre 
xeveral {art* of Sorth Wales where rock.- arr colnnred either as igneous, or- 




of HolTlKad Ii 



as " altered Cambrian." or "altered Siiorian." which later work has shown 
lo belong to a series of rocks older even than the Cambrian beds, and which 
arc now known as " Pre-CambriaiL" In these old rocks Dr. Hicks di»- 
lioguishes three divisions: (i) the lowest or oldest he styles Dimbtiak, 
consisting of granitoid and gneissic rocks, which are overiaid b^ (z) compact 
felspathic and quart zose beds (some of which are old Uvas)— this is the 
A(TO.viA.<i group; lastly, (3) we have the Pkbidi.us. schistose slaty rocks, 
nsually of a green colour, with volcanic agglomerates and breccias. 

These Pre-Cambrian beds form mure than one-half of Anglesey ; they occur 
lietween Bardsej Island and Xevin on the west side of the Lleyn peainsula ; 
between Bangor and Carnarvon; the B<n»lled syenite iKirth of Festiniog: 
near Dolgelly, &c. The thickness of these Pre-Cambrian rocks is estimated 
at lS,ooo feet ; they are entirely unfossiliferous. At Bhuscolyn. near Holy- 
head, a beantifnl green rock is quarrieil as-'Mona marble;" it 'is a variety of 
serpentine. 

Cahrriax Formation. —The Cambrian nicks of Wales occur in Merioneth 
and Carnarvonshire. Their fossils show them ail tu lie of marine origin, 
though Professor Ramsay has suggested that the reddish sandy beds, in 
which no fossils occur, may have been deposited in great lakes. 



NORTH WALES. 325 

Harlech and Barmouth Beds. — These form a broad mountainous tract of 
country, of which the towns of Barmouth and Harlech mark the northern and 
southern limits respectively; on the west is the sea, while Craig-y-Penmaen 
marks the eastern limit; the ridge of Llawlech runs north and south, nearly 
in the centre of this Merionethshire anticlinal of Cambrian strata. The rocks 
are mostly greenish-grey grits, with some bands of slate, traversed by many 
dykes of igneous rock ; except worm-tracks and worm-borings, no fossils are 
known from this district ; the total thickness of the strata exposed may be 
6,000 feet. 

Llanheris Beds. — The Cambrian strata of Merioneth, dipping under newer 
rocks, again rise to the surface in a long narrow strip running from Bangor 
and Bethesda on the north-east, past Nant Francon, Fenrhyn, and Llanberis, 
to the coast at Dinas Dindle in Carnarvon Bay. At the base is a bed of 
conglomerate, above which lie purple and green slates, and green and grey 
grits, altogether 3,000 feet thick. The slates are largely quarried, and the 
quarry at Penrhyn yields about 120,000 tons per annum ; it is 500 feet in 
depth, and is worked in steps or terraces each about 40 feet in height. 
Fossils are still wanting, with the exception of the traces of Burrows of marine 
worms {Chondrites), which occur in the fine-grained sandstone of Moel-y-ci, 
near Bangor. (See fig. 103, p. 336.) 

At St. David's in South Wales strata of about the same age as those at 

Harlech, Barmouth, and Llanberis have yielded numerous fossils, and it is 

not impossible that a 

minute and untiring 

search, conducted by 

geologists who knew 

how to recognise oIj- 

scure traces of life, 

might bring to light 

animal remains from the 

more northern Cambrian t i^L!?'"^?/'^'^ i°" *^® °°^^ ^^^ ?^ Llyn Padarn near 

Llanbens. This shows a conglomerate, consisting of slaty 
region. pebbles in a slaty matrix. Whendeporited, the pebbles doubt- 

Menevian Beds. — less lay with their longer axes parcel to the planes of bedding. 
Menevia was the name ^"^"^^"^^^^'^I"'^'^"'^"^ ^^^^^^^^^^^^^'Bince that. tim^ 
of a Roman station at ^reavfge!™^*' ""^^ ^ ^\oug^^\ the pebbles in the lines of 
St. David's in Pembroke- 
shire, where these beds were first examined by Messrs. Salter and Hicks. 
In North "Wales they circle roimd the Cambrians of the Harlech and Barmouth 
tract, being composed of black and grey flags and slates, with some beds of 
sandstone, altogether 600 feet thick ; at Maentwrog (in the Waterfall 
valley), and near Dolgelly, several species of trilobites have been found. 

Lingtda Flags. — These consist of black and grey micaceous slates and sand- 
stones, which rest upon the Menevian beds and are about 5,000 feet in thick- 
ness ; they are chiefly developed in Merioneth, where they can be traced from 
Traeth Bach north of Harlech, north-east to Maentwrog, then southwards to 
Dolgelly and along the estuary of the Mawddach. The Lingula Flags were 
named after a shell {LingideUa Davisii), discovered in them in 1846, by Mr. 
L. Davis ; worm-tracks abound, and several trilobites occur, many of which 
have been obtained from the slate quarries, near Festiniog. Small quantities 
of gold occur in quartz lodes, which traverse these beds at Dol-y-frwynog 
and Cwm Eisen, on the Mawddach. In 1877 there were raised 139 ozs. of 
gold, valued at ;^627, from the mines of Clogan and Cefn Coch. The Lingula 
Flags are traversed by many intrusive dykes of greenstone ; the great mass 
of Rhobell Fawr, lying north of Dolgelly, has always been considered to be of 
this nature. 

Trcinadoc Slates. — These are dark earthy slates alx)ut 2,000 feet thick, 
named after the little town of Tremadoc, in Carnarvonshire, where they 
were first examined by Sedgwick in 1846; they contain a bed of pisolitic 
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iraa ore l>v vhith the; can be tnfed to Dolgellj. Their (aatWs luTe Wen 
diligentlj collerted bj Menn. A»h «nd HonrfniT. sod cainpri«e sixtj-eitihi 
ipecies, of which do fever than tizty are peculiar to thir dmBion^ ihry 

re not (Rolntciiallj >" 
interesting as the laler-formed Silariiui roek* ; ther cunititrt uf a ^rcHt miiH 
of bed» from I2.00O to 15,000 feet in ihiebtess. vfiieh 8eem» to have slovly 
nffomnlated as Bediment npoo the floors of shallow sens ; 'he life which iiT 
first existed in the waters must have been ver( Mnntv. and the fonsequent 
absence of fowiU deprives the rucks of one great source of interest to the 
geolag;iTtt, whilst neither bv remarkable scenerr, nor bv valuHble eoooomii* 
products are these shoncomiags compensated for. 

3iLi:itAi FoKMATiox. -The rocks we have next to descrilie will ever In- 
connected with the name of that veteran geologist, the late Sir Roileriek 
Mnrehison. He named them Silnrian liecaose the diatricl in which the 
best ti-peo of the rick* oceorred (Shropshire and the neigh Innring Welsh 
eonnti^) w«s formerlv inhabited bv a British tribe called the SSmtrrt. 

ArrHiff Belli (.* Lorrr UamdeSi Srrifr). These are lieds of (trit and bbick 
sLites SoO feet thick, which 
crop mX ma the west siile of 
the Arenig range in Merio- 
neth : thej lie nnconfur- 
mabiv on the bed» Iienealh. 
for. tracing thetn north- 
wurds. we Snd near Bangor 
and Caniarvon. the Arenig 
slates luring direct t_v on 
pnrple i-lates and conglome- 
rates of Lower Cambrian 
age, the entire t'pper Cam- 
I brian series Wing absent. 
I The remarbible foHsiU 
I called yrD^iiJiVf« first ocmr 
"1 these beds, forty-eight 

j)eeies haring been faund : 

— PlitHdnufueotabedaf UoRuliEaodaoBe, fortj-eeven species of trilo- 
incka tt worau (HtlmiiiMtn) opga IL SoaOi \,\tZ, also ocenr 

the Arenig slates we flnil 
mure blates and HufKJ saodiitoQes 3,000 feet in thickness, but sometimes 
greatly exceeding this amount, by reason of thick interbedded masses of 
volcanic ash and Uva. These ore the strata which mainly form the mounlninx 
of Cader Idris, Atan Mowddwy, the Arenigs. and the Moelwyns, a great 
crescentic chain, whose peaks, rising to a height of about 3,000 feet, are 
the highest poinls in Merionethshire. Dipping to the east trader newer rockH, 
the Llandeilu Flags rise again to the surface on the east of the Berwjns at 
Craig-y-Glyn ; still further east thev form the Breidden Hills. Amonff 
the fossib OrtlioetTtu (a long sUsig^t shell) is characteristic, as well as 
the trilobites ^ifgia Buehii and Atapitu tyraHnia. 

The hill of I^enmaeomawr, 6 miles west of Conway, consists of a greenish- 
grey felspathic rock, probably an altered doierite. which bursts thiongh 
black slates. It is largely qnarried, being easily cut into " setts," which are 
much osed for paring reads in Liverpool, Manchester. &e. 

Bala and Caradec Bedf. — After the remarkable (Iteplaj of volcanic activity 
which took place in North Wales during the deposition uf the Llandeilo Flags, 
there appears to have been an interval of comparative repose, during which 
the material of the black and blue slates and sandy beds, whicli form the 
lower Bala beds, were deposited on a Hhallow sea-bottom ; then fresh rentti. 
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Crolnbly sulinutFine. were found, and tiaoCher great series of asli-l^ds and 
ivaa l)earB wilnens to the renewed artioti of the igneoiiB iigeneieB on a gmod 
wale. If we innlnde nil these rolcanic deposits, the extreme thickaeaa of the 
BhIh beds \» not lean than I0,cxxj feet. We cun trace thin division from 
Towyn and Abenlorey north-eaBt. by Dinaa Mowddwy la Bain ; then it curves 
rotinil to Bettws-y-coed and Criccieth. Two thin beds of limestone ocimr, 
allied the Rhiwlim or Bnl» Limeetoiie, and the Himunt Limeslona; from 
these limestone bands great numbe™ of fwsils have been obtained, including 
brachiopod shells, star-flshes, crinoids, and more than one hundred species of 
trilobitea. 

The eastward inclinHtionordip of the beds south of Bula Lake, carries them 
under a long strip uf Upper Silurinn rocks, presently to 1>e described. 01 



tt of which they rise again, and form the range of the Berwyns, which for 
30 miles marks the bourSary between MontgoraerF and Merioneth ; in tliis 
region the Bain Limestone is present, but the Himant band has thinned 
oat. 

Photphorife. — In 1863 a miner disebrered a nodular bed of phosphate of 
lime, at the top of the Bala Limestime at Cwmgwynen. 5 miles west of 
Llanfyllin ; it has since been found lUid worked at Craig KbiwHrth in the 
Berwjms ; in 1877 six tone wei^ rajsefl, valued al £ 7 los. ; it ts used in the 
manufacture of artificial manures. 

It was in the Snowdon : 

district that the most 
copious outpouring of vol- 
cnnic products during this 
epoch took place; these old 
ashes and lavas now form 
the wildest and gmodest 
region uf Wales, including 
Snowdon (3.S7" feet). Moel 
Sialiod. Camedd Llewelyn, 
Camedd Dafydd, Y- 
Fawr, and Moel Hebog. iwi^il<w«,"«lw^rti^tti 

Geological Strwc/are of od the okange ol Ate. A dm or jrewnoTir nu iiere 

Najmutim Tho 1iiiphi.tit tflJu-l or»T«UHifndtbeilit«ilnitaiinmedlitenelghbour- 

mouQtain in England ■»■ „„ in, ■' ■»kfr«ai«." 







6 Altered Slate. udcIhiygi 



several circumstances; 9 Qranrtone, with loeladBd tnwmentaor ali 

among these may be nametl 

the positive hardness of (he beds of rock of which it is formed, and the 

position in which they lie,, bent into a synclinal curve, so that the effect of 

rain and frost and ice has been reduced to a minimum. 

The liase of the mountain is formed of state and fossiliferous grits of the 
Bala lieds ; on these lie three great beds of felspathic porphyry ; still higher 
are he<U of felspathic, sandy, and calcareous ashes ; and highest of all are the 
relics of n sheet of felspathic lava, here and there perched on the ashes io 
outlying fragments. (See flig. loi.) 

Caradoc and Bala beds also occur in Anglesea, running from Parys 
Mountain on the north to Cymmerau Bay on the south. The famous Parys 
Mountain is composed of compact felspHthic rocks, usually considered volainic, 
and black shales containing graptolites. 

The immense mass of copper pyrites, which was long worked here, has now 
Iwen almost entirely quarried awny, with the exception of certain minor 
licHDching veins. The amonnt of copper ore raised in 1S77 was 3,613 tons, 
valued at £9.253. and yielding Ij6 tons of copper. 

These mines vere first opened m 176S, since which time they have yielded 
copper ore to the value of more than one million sterling. 

Ochre and Umber are also worked in the Parys mountain and Mona mines ; 
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lUed in the mannfactore of painta ; id 
1877 there were Taiaed 3,440 conn, 
worth about £ I per ton. 

Lotcrr Ltandormy Bfdt. — These 11U17 
lie called beds of poM^e between thr 
Lower and Upper Bilonan Fommliontt, 
for of the 128 woecitm of ftwsik which 
thej hare yielded (rooslly obtained 
Dear Builth and Llnndoren') 93 aUu 
occur ID the Bata BedH Im^Iow, while 
%i are eonuaoD to the rocke abore : in 
Xoilh Walei, howerer, these beds ap- 
pear nnfowitliferoiu. We fir*tKethem 
near BwIeb^<«rDeR, about 5 mi leu 
■onlb-tsst of Bnia Lake, and they run 
•ODthward* in a narrow Htnp pant 
Malvyd to Dolfriog and Bryn Crugog ; 
they conaikt of beds of grey grit inter- 
mingled with shalei, altogether 1,000 
ll.thiet 

Thtw the Lover Silnrian period was 
one of great Toleanic actitity in North 
Vales, and in the roekn which now 
esiat we hare evidence of two princifHl 
epochs of eruption; the first of these 
ocRorred during the deposition of the 
Llandeito Flags, and is iodioited by 
the igneous roets of Aran Munrddy, 
Caderldris. AreniK.andMuelwyn : then 
the other is marked by those of the 
Knowdon district, which lie among the 
Bak betls. These volcanic rocks con- 
sist partly of massive sheetB of fel- 
Btone, vHrying in colour and teitore, 

' ' ■ * s of 

former are true lava- 
flows, the latter point to fret|nent 
showers of volcanic dost and to the 
settling of such dost and stones on the 
sm-lxillom, where they mingled with 
the ordinary' sediment, and with sbellH, 
corals and other organismf. Some uf 
these ashy deposits attain a great 
thickness: thus at Cader Idris thevare 
about 3,500 ft. thick, the accumuWed 
reonll of many eruptions: northwards 
this mass thins entirely away, and the 
ordinary Hedimentair strata take its 

tlace. Equally local are the massive 
eds of fel si one, which represeot the 
sabmarine lava-flows of the time : 
sometimes they still preserve the skggy 
vesiaularebnracter which marked their 
surface, when the melted rock was in 
a state of motion along the sea-bottom, 
an eridaoce of the existence and posi- 
tion of true submarine volcanoes during 
the Lower Silurian period in Wales. 



NORTH WALES, 329 

No trace of the original craters or cones, however, is now left ; these have 
long since been swept away. 

The Lower Silurian rocks of Montgomeryshire are traversed by numerous 
metallic lodes, which chiefly occupy lines of fault or dislocation, which have 
iissured and cracked the solid rocks ; heated waters rising from below have 
deposited ores of various metals on the sides of these cracks imtil they 
have become quite filled up. The produce of this county in 1877 was : lead 
ore, 8,066 tons, containing 60,182 ozs. of silver, value ;f 143,288 ; zinc ore, 
2,714 tons, value £ 10,444 J copper ore, 45 tons, value ;^3I4. The Van mine 
near Llangurig is by far the most productive. 

Upper Silurian Formation. — The Upper Llandovery Beds being absent in 
North Wales, we next see strata callea the Tarannon Shales^ lying uncon- 
f ormably on all the beds beneath 1 they are fine, smooth, grey, or light-blue 
■slaty beds, called "paste rock ** by Sedgwick ; their thickness is alx)ut 1,000 feet. 
They can be traced all th^ way from Conway in a narrow band by Cerrig- 
i-druidion, to the valley of the Tarannon river in Montgomeryshire ; they have 
yielded as y€t no fossils. 

Wenloc/f Series. — The base of this division consists in North Wales of grits 
and shales 3,000 feet thick, named by Sedgwick the Denbighshire Grits, and 
extending from Conwav to Llanrwst, Pentre Voelas, Derwen, Nant-yr-Eira, 
•and ending oflf at Llandewi-ystrad-enny, in Radnorshire. On the whole, then 
these Denbighshire Grits may be considered as the equivalents of the Woolhope 
Shale and Liniestonej which in Hereford. and Shropshire form the lower part 
of the Wenlock Series ; indeed, the grits pass into shales as we trace them to 
the south-east. They form a very sterile tract of country. 

Tlie Wenlock Shales /pro^r, appear resting on the lower gritty beds over a 
large area in Denbigh, forming the country drained by the Elwy and its tribu- 
taries, and extending south-east past Brjm Eglwys to Corwen, Llangollen and 
Glyn Ceiriog : dipping under the newer rocks of the Vale of Clwyd, they rise 
up again on its eastern side, to form the fine range of Moel Fammau (1,845 ^ee^) 
And Moel Fenlli (1,600 feet). 

Southwards the Wenlock Shales occupy much ground in the centre and 
south-east of Montgomeryshire, round Llanfair, Llanlugan, and Montgomery ; 
no limestones occur in the Wenlock Beds of Wales. 

No traces of the highest Silurian strata — the Ludlow Beds — have yet been 
discovered in North Wales ; they lie further to the south-east. 

Thus in Lower Silurian times a group of volcanic islands compjimble to the 
Li pari Lsles, or to the neighlx)urhood of Santorin in the Grecian Archipelago, 
stood in North Wales, and from both subaerial and submarine openings great 
quantities of lava and ashes poured out ; this seems to have been followed by 
consolidation and elevation of the strata, and the formation of the lowest 
Upper Silurian (Llandovery) beds as a beach deposit ; then, depression taking 
place, the whole region sank beneath the waters, and the remaining Upper 
Silurian rocks were laid down as sediment, on the floor of a moderately deep 
And tranquil sea. 

Old Red Sandstone. — Of this well-known formation only a thin representa- 
tive of the upper beds occurs in North Wales. Li Anglesea we can trace red 
and grey sandstones and comstones, with a bed of quartz conglomerate at the 
biise, running in a long narrow strip north and south from Dulas Bay to 
Llangefni ; in Denbigh similar beds crop out from Llysfaen to Ruthin, and 
■again 3 miles north of Llangollen ; no fossils have been found. Possibly 
these red beds should be rather classed with the Carboniferous Formation, 
than with the Old Red Sandstone ; further enquiry is necessary to settle this 
point. 

Carboniferous Formation. — In Anglesea we find a complete series of Car- 
boniferous rocks, which owe their preservation, to their situation on the 
downthrow (north-west) side of a great fault, which ranges across the island 
from north-east to south-west, displacing the strata to the amount of 2,000 feet. 
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The Carbon i/erous LimMtone^ the MilUf&ne Grit, and the Coal-^netuiuren rise 
up in iniecet4i«ion, and are orerlaid nnconfonnably by Permian Bed« ; the band 
tji country thev form extends from Hirdre-fai^ and Bed Wharf Bay to Mall- 
diaeth Bay. There are 2 small collieries, which in 1877 raised 1,330 tons of 
cual ; the quantity of coal remaining unworiced is estimated at fire millions 
of tons. 

The same succession of Carlx>niferous strata can be traced on the other side 
of the Menai Straits. 

Carhtmiferoun Limejft&ue.-Commeneiiig with the grand promontory of 
Great (>nne*s Head, the *' Mountain Limestone ** runs southwards, underlying 
the red rocks of the Vale of Clwyd, resting here, in fact, in a hollow or trr>ugh 
formed by Silurian strata. Between Llanedilan and C3rm-T'brair, the Limestone 
is shifted to the east by the great Bala fault, one of the longest in Britain, 
which has Wen traced from the coast of Merioneth through Bala Lake into 
Cheshire ; from this point the limestone runs south to Llan-y-blodwell, in 
Shrrjpshire ; an outlying patch occurs west of Corwen. The Carbonifercjus 
Limestone forms a range of noble hills, whose escarpment faces the west ; its 
thickness is here from i,coo to 1,500 feet ; it contains many mineral reins, one 
of the l>est known of which is the " Great Mineni Vein, which occupies a 
line of fault running N.W. and S.E., crossing the Bala Fault at a right angle. 
Gf lead ore there were raised in 1877, in Denbigh, 2,898 tcxis, valued at ;£38,ooo, 
and yielding 2,338 tons of lead atid 12,900 ozs. of silver; in Flintshire, 
3,184 tons of lead ore were obtained, valu^;f42,tX)5,yi^ding'2,56o tons of lead, 
ami 17,689 ozs. of silver; Denbigh also yielded 2,238 tons of zinc ore (value 
;^lo,ooo), and Flint, 1,873 tons (value ;f 7, 500). ,The Hfountain Limestone is 
also largely quarried for building and for burning into lime. 

The upper part of the Carlx)niferous LimtE^stone passes into thick' shales, 
which probably represent theV&redale Bedtt of Yorkshire, and these are over- 
laid by ccxirse sandstones — the MiUgt one Grit ; the two divisions are together 
al>out 1,000 feet in thickness. 

C(xd'//iecufnreM. -In the Denbighshire Coal-field we find shales and sandstones 
3,000 feet thick, c(jntaining 7 workable seams of coal ; the area of this coal- 
field is 47 square miles ; Wrexham and Gswestry mark its eastern lK>undary, 
Ruabon stands near the centre. In 1877 there were 59 collieries at work, 
which raised 1,622,500 tons of coal. 

The Flintshire Coal-field extends from Mold along the west bank of the 
Dee, having an area of 35 square miles ; from 51 collieries 855,750 tons of 
coal were raised in 1877. 

In the same year alx>ut 50,000 tons of fire-clay were also obtained from the 
Coal-measures of North Wales, and 42,000 tons of iron ore, valued at ^£25,000. 

Although we now only meet with CarlK^niferrms rocks on the eastern borders 
of Wales (and in Anglesea), yet at the time of their dep<isit the coal-con- 
taining beds probably stretched far to the west, covering all the lower 
c«>untry, but lapping round the mountains of Snowdonia, which then sto<xI as 
islands or low nills ; all this mass of strata and much more has since l)een 
worn away by the agents of denudation. 

Permiax red marls and sandstones overlie the Coal-measures east of Wrex- 
ham ; to their occurrence in Anglesea we have already alludecL 

Trias. -The Vale of Clwyd is formed of re<l sandstones l>elonging to 
the Bnnter division of the New Red Sandstone ; the low country along the 
west Ijank of the Dee at Eccleston, Pulforrl, Holt, &c., is also formed of similar 
rocks : these are the newest stratified rocks which occur in North Wales. 

Summary. - Considering now all that we have said of the rocks of North 
Wales, we find them to consist of a great thickness of old and hanl rocks, 
which have been raised by those slow and long-continued movements of 
the earth's crust which are continually taking place, and then exposed by the 
removal of the newer rocks which once more or less covered them up. If, as 
some of the early geologists believed, the various strata were Itid one above 
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the other as regularly as the coats of an onion, then these Welsh rocks would 
for ever be invisible and unknown, for they would be buried beneath all the 
la vers of rock which form the centre and east of England. But owing to a 
tilting up of the west side of our country, and to the forces of denudation - 
the sea, rain and rivers, frost and ice — by which higher rocks have been worn 
away, the Cambrian and Silurian rocks of North Wales contribute to form 
the wonderfully varied surface of this little island, this " epitome of geology,** 
as Britain has well been called. 

The present surface features of North Wales appear to be of high 
antiquity. Looking back through an enormous interval of time, we see 
that the Cambrian and Silurian rocks were greatly changed and denuded 
before the deposit of the Old Red Sandstone and Carboniferous Limestone 
on their upturned edges ; then, after the formation of the Millstone Grit, 
there came changes in the physical geography of the region, which converted 
it into avast delta— a swamp, 'in which grew the plants whose compressed 
remains form the seams of coal. Elevation followed after this, and all 
through the Oolitic, Cretaceous and Tertiary epochs it is proliable that 
North Wales remained above the level of the sea, having, indeed, a higher 
altitude than at present. During all this time the forces of the atmosphere 
-rain and rivers, frost, snow and ice — would be acting upon the surface 
and wearing it away unequally, the softer and more exposed strata sufiFering 
most. In this manner thousands of,. feet of solid rock nave been. worn. away, 
so that the surface on M{hich we now walk, is far l)elow the old surface (or 
surfaces) which it had in past times. And this wear and tear is still going 
on, every stream, evfery rivulet is carrying to the sea, sediment composed 
of particles of the rocks which constitute the land, so tliat the surface 
of the country is being gradually lowered; reckoning in this way it is only 
a question of time as to how long it will take before North Wales i» 
entirely swept into the sea. The rivers would perhaps' take six millions of 
years to do it ; but, in saying this, we do not take into account the upheaving 
forces below the surface, these . may neutralize or more than neutralize the 
levelling effects of denudation. However, the time is distant ! So that 
looking to the future, the geolc^ist can contemplate with equal serenity 
the idea that waves may roll where Snowdon now towers, or that " the 
highest moimtain in England or Wales'* may be elevated to a height in 
excess of Mont Blanc— l>oth these things have happened in the past to parts 
of what is now Wales, and they may happen again in the future. 

The Glacial Period. — The commencement of the Glacial Period found 
Wales carved out into hills and valleys, pretty much as it is now. What 
was the cause of the intense cold which prevailed in this country, at a 
comparatively recent geological epoch (that is to say about a quarter-of-a- 
million years ago) it does not now concern us to enquire, neither is it 
thoroughly understood. That such a cold period did prevail was not imagined 
until the year 184$, when Agassiz, coming fresh from the study of glacial 
conditions in Switzerland, declared that he recognized in the mountainous 
parts of Great Britain, phenomena which could only have been produced 
by the former presence of great masses of ice. 

The signs of old glaciers in North Wales have been admirabljy described 
by Prof essor Ramsay. About the commencement of the Glacial Period it would 
appear that the country generally stood at a higher level than at present, 
and Britain was joined to the Continent ; as the cold increased, sheets of 
ice gathered on the mountains of Scotland and the Lake District, and 
pressed southMrards over what is now the bed of the Irish Sea, scraping 
the coast-hills of North Wales and passing over Anglesea and the Lleyn 
peninsula, on whose rocks, when barea, we see still the grooves made by the 
stones embedded in the ice. These grooves point to the north-east, showing 
the direction whence this great glacier advanced. At the same time all the 
Snowdonian mountains and the heights south of them, were overlaid by ice 
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to the depth of tieveral boudreds of feet ; this ice pHBiiing dowDTards along 
the VBlle^H, innootheJ the rocks into rounded flowing uatliDeH (rocha 
motUtiHtiiu) and earried great block* of rock {blocs perchii) far from their 
parent huineH. When we walk up the patueit of LlanberiH. Nant-ffrancon, 
or indeed any muuntainouB valley of yorth Wales, we are ireadiDg on the 
bed of an old glacier, and if our eyes have been trained to the obserrance 
of ice-work, a* it is now lieing done in Switzerland, Greenland, &c. wa iihall 
note all the pnxifB of itn former presence id this region. 

After this cmtinental period, a great depresduD of the surface (if the 
land appears to have taken place, of which we find traces in beds of gravel 
nod sand, renting on the hill-nides at Tarious levels until, at last, we 
find them at a height of 1,170 feet, near the sanunit, of Moel Trj-faD, 
where they are well seen in the Aleiaodra alate-<)aarries ; 30 or 30 species 
of Hhells hare been found here, mostly of cold-water or Arctic kinds. In 
beds of sand ami graiel overlying tioulder-clay, near Corwen, mtich drifted coal 
has Iwen fonwl, and there is much coal debris in the drift round Rualion 
and Wrexham; rhis may hare lieen brought by floating ice uf no great 
thicknesH. 
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Then elevation again tout place and the land rose above the waters; 
again glaciers began to form on the hill-tops, though not of taeh great 
■izeasTiefure. IceliergK, detached from the glaciers, carried blocks of felspathic 
rocks from the Arenigs, eastwards over the submerged plain of Cheshire, 
until they dropped their burdens near Wolverliampton and Birmingham, 
where great numbers of 1>oulderH are now to be found. By the grinding action 
of the ice, hollows were scooped in the Boftec beds of rock, and these 
now form lake-basins; almost all tbe lakes of North Wales, such as Bala 
Ijike, the Lakes of Llanberis, Llyn-Uydaw, Arenig, &c., owe in this way 
their existence to the work of glaciers. But the climate began to aneliorate, 
slowly the glaciers retreated up the valleys, learirkg behind them streamn 
and semi-circles of stones (uuintinen) which they had liome onward ; finally 
all the ice disappeared, the climate liecame temperate, and the Geological 
record merges into the Historical. 

PBEiLItfTOSIC Milt, — Perhaps the earliest trases of man yet found in North 
Wales, are the human liones and flint implements found in the cares at 
Cefn, on the western side of the Vale of Clwyd; these caves are in the 
western escarpment of the Carboniferous Limestone, that rises from under 
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the New Red Sandstone which fills the lower part of the valley; bones 
of extinct species of elephant, rhinoceros, hippopotamus and bear, with 
the spotted hyena and reindeer, were also met witn, embedded in the floor 
of these caves ; Prof. Kamsay considers that some of these cave deposits 
may date back to pre-glacial times. 

Of the Neolithic Stone Age, when man had attained considerable skill 
in the manufacture of stone tools, having learnt to grind and polish them, 
we meet with frequent relics. Round Ty Mawr, in Anglesea, the Hon. 
Owen Stanley has traced the remains of many hut-circles, and in the debris 
he has found hammer-stones, flint celts or axe-heads, scrapers, whetstones, 
querns for grinding com, &c. (See fig. I02.) The cromlechs, of which 29 
are known in Anglesea, are immense stones poised on other or supporting 
blocks; they are prol)ably the remains of tumuli or buiying-places, the 
mound of earth by which they were once surrounded having been removed. 

In the Amlwch Parys Mine a stone hammer (of Imsalt), nearly a foot 
long, was found in some ancient workings. 

Similar tools, weapons, such as arrow-heads, spear-heads, &c., have been 
found in Carnarvonshire, at Bangor, Aber, Dwygyfylchi, Llandudno, Nantlle, 
Penmaenmawr and Tomen-y-mur; in Denbighshire, at Brynbugeilen, Moel 
Fenlli, Pentref oelas and Tynewydd ; in Merioneth, at Camo, Harlech, Llanaber, 
and Maesmore near Corwen ; and in Montgomeryshire, at Camo, Llanbrynmair 
and the Snow Brook Lead Mine, Plinlimmon. 

Tin and copper appear to have been the first metals discovered, for the 
implements which succeeded the stone tools, and which are made after their 
patterns, are formed of bronze ; but this, too, had been superseded by iron, 
at the time of the Roman invasion, B.C. 55. 
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Geol. Soc, vol. xxviii. p. 148. 
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1877. Moore, Chas. — The Liassic and other Secondary Deposits of the 
Southerndown Series. Trans. Cardiff Nat. Soc., vol. viii. p. 53. 

1877. Taylor, Dr. W. — The Gower and Doward Bone Caves. Trans. Cardiff 
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See also Trans. Woolhope Club (numerous references to, and papers on 
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See aim General Lista^ p. xxv. 

The rocks which form South Wales are in the main a prolongation of the 
same beds which constitute the northern division of Cambria ; one great 
difference is due to the fact, that volcanic action was not nearly so rife in this 
southern area during the deposition of the Silurian strata ; as a consequence 
of this, the rocks are of a more uniform degree of hardness, so that the 
.scenery is less grand and striking. 

On the other hand, owing to the great development of the Carboniferous 
rix^ks, the mineral wealth of South Wales far surpasses that of the more 
beautiful and tourist-attracting region further north. 

The rocks of Wales may be said to form the foundations of the British 
Isles. Although these old rocks only appear at the Mirface in the west, yet they 
extend eastwards, undulating beneath newer rocks, right under London and the 
east of England. Lying thus at the bottom, it is evident they must be the oldest 
or first-formed of the various layers of tiqueous or sedimentary rocks, which 
constitute our islands. Though geology does not profess to estimate in 
years the age of any system of rocks, yet it is certain that all the great 
leaders hi that seienee, would concur in affirming that, in all probability, the 
old rodcs which we flee forming the peninsula of St. David's were deposited 
as mud and sand on a eea-bottom more thm one hundred millions of years 
ago. Yet we know well that they were not the ilrst roeks which formed a 
solid crust on the snrCaee of our pilsiiet. 

In studying South Wales, then, let vs eommenee on the extreme west, where 
the oldest rocks crop out or come to the snrfeee, and then describe the l)eds 
as they rest one upon another, layer upon layer ; a course which will lead 
us to the south-east, where the newest rocks of the region form tlie cliffs near 
Cardiff; in this task we shall find the maps published by the Geological 
Survey to be of the greatest assistance. 

Prb-Cambriak Formation. — The Government geological survey of South 
Wales was made between 1840 and 1855, at a time when much less was 
known respecting rock-masses, especially igneous rocks, than at present ; the 
use of the microscope has, in fact, within the last ten years made a 
great difference in our ideas respecting rocks, and many which were 
formerly thought to be truly igneous^ i.e., to have once been in a completely 
melted state, from which they have cooled down and crystallized out, are 
now known to be metamorphic aqueous rocks. Thus, on the survey map of 
Pembrokeshire, a ridge of syenite is shown at St. David's, piercing Cambrian 
aocks, and fianked on each side by altered Cambrian rocks. But thanks to the 
minute researches of Dr. Henry Hicks, F.R.S., continued during the last 
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fteen years, ve know nuw that the xo-cslliid »jeDTte belongx tu un extremely 
olJ neriei) of rocks, the oldest ia the British Isles, which we now term 
Pre-Cambriiin, and in which Dr. Hicks hati even been able to make out 
seTerul diviaions or xelit of beds. The oldest groap he styles Dihbtiaii. It is 
composed iit " quartzose rocks, granitoid f^eiss, nnd compact granitoid rocks, 
with bands of crystolline limestone; " nhore these come the Akvoxiass, 
'* breccias, hulleflintas and quartz felsites ; " and lastly the Prhii>Ia7is, inclodin^ 
volcanic ashes, breeciaa. and agglomerates with micnceous and chloritic schists. 

These old rocks form a ridffe rnnning east-north-east and west-sonlh-west. 
from Llanhowell,iMst thecityof St. David's to the coast at Port h-li sky ; they 
are onfossiliferous 

CAHBBiAt FoKUiTiOT —Resting on the flunks of the old " Fre^ambrian 
Island" formed by the rocks 
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L we find eonglomt 
I posed of rounded masses nf 
rtz embedded in a purple 
rii ; these form the liBse 
I of the whole Cambrian Fur- 
ion ; they are overlaid by 
I green, porple, and grey flaggy 
I sandstones, 3,000 feet thick, 
I with intercalated red shales. 
I which contain the earliest 
I nndeniable traces of fossils 
L known on the surface of 
I the globe, including small 
' brachiopod shells {LingiileUa 
" fimufiiiea and L. priniara) 
annelids, phyllopoda, piilyzou, 
pteropods, a crustacean, two sponges, and several trilobites ; Porth-Clais 
Harbour is the best place \a> find fossils ; the sandstones have been lined in 
the restoration of the cathedra] at St. David's. 

Menevian Beds (so named from Menapia, the old Roman station at St. 
David'B).^These are grey and black fUgstones and slates 600 feet thick. 
The characteristic fossils are trilobites, as^lParadoxidee DavidU, nearly x 
feet long. Ermnyt k'entdosa, 
thetrilobite with thelai^est 
numberof rings, occurs here, 
in conjunction with Jgnoilus 
and Mierodiaeu*, the two . 
genera with the smallest 
' number. Blind trilobites 
are also found, as well as 
those which have the largest 
eyes, such as Micmdiscas on 
the one hand and Anojio- 
lennji on the other. 

Porth-y-rhaw, Caerbuddy 
Fig. IM.— Ol-nm ailrivria, and Cmclli are the best 
from ttie Lingiila Flags points at which to eiamine 
ixi«er CsmbriaD ^1,^ Menevian lied- 

LinfftUa i%#«.— Orej and I luish sandstones and slates a 000 feel thick ; 
these rest conformably on the lower rotks as may be seen in Whitesand 
Bay, Soiva Harbour near Cicrfegga &.1, they also form the north-west 
comer of Ramsey Island nhere the fo««il shell LmgiMf Dai/aii, after 
which these beds are named occurs abundanllj * 

TBi- Trehiadoc Slates include dark earths flags and sandstones with some 
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iron-stained slntuB on the to^ nnd are about 1,000 feat in thiekneas 1 they 
lire seen \a the north-east of KHniney Islitnd, at the north end of WhitesHnd 
Bay, and round Tremsnhire und Paniti. Tlie fouails are numeroun and intereiit:- 
ing, and include the first known oriaoida, star fishes, lamBilibranelis and 
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top of the Tremadoc slates? Mainly because, in the succeeding strata of which 
we shall now hare to speak, we find a great change in the fomu of life— the 
fossils; "of seventy species of fossils found in the Tremadoc, only four pass up 
into the Arenig beds" (Etberidge.) To effept such an eitinction of old, and 
' ■ ' ■' " ' i. must, as yfe know, have required a great interval 




The Arenig Beds : black slates, 4,000 feet thick, traceable from the north 
aide of Whitesand Bay to beyond Llunreran ; numerous fossils have been found 
in a quarry under IJanvirn, in the cliffs north of Trwyn-bwnldyn in White- 
sand Bay, &C-, graptolilea appearing for the first time, ami in great nnmliers. 

Uandeiia Ftam. — In AbereiddyBaywe see black slates, flags, and sandstoned, 
with some Lands of limestone, and also beds of indurated volcanic ash, the 
result til eruptions of submarine volcanoes during the deposition of the strata ; 
a considerable, but uncertain thickness of the beds is shown, perhaps 3.000 feet. 
These Llandeilo Flags extend to Fisliguard and the Precelf; Hills (1,754 feet 
high) ; curving eastward, we trace them past St. Clare and Carmarthen U> 
Llandeilo, Buil th, and Llandrindrod. At Llandewi Felfry, Lampeter Fe If ry, and 
Llandeilo, there are good beds of limestone — the oldest in Wales — which are 
quarried tor lime, and which have yielded numerous fossils, as the trilobites 
Ogygia Biichii, Anaplmn tjfranniu, with many double graptoUtes. &c. 

Bala or CararfiwSeiis,— No sliarpline of demarcation has been drawn between 
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these and the Llandeilo Flags, nor in South Wales is there any rigid line l>etween 
the Bala l>eds and the ooerlyina newer Lower LXandowry Socks; together 
these occupy a wide area, including the whole of Cardiganshire, and extending 
thence into the surrounding counties, forming, in fact, the desolate, almost 
desert-like region of " Mid- Wales.** The strata imdulate so that their real 
thickness can scarcely l>e determined, hut it must be considerable, perhaps 
alwTe 10,000 feet ; there is an alisence of the lava flows and ash-beds which 
distinguish the Bala series in the Snowdon district, instead of which we find 
clay-slates, with grits and hard sandstones, and conglomerates or pudding- 
stones in the upper part. Fossils are nowhere al>undant, though the surfaces 
of the sandstones are often covered with ancient worm-tracks ; in slates at 
the lead-mines, 8 miles east of Aberystwith, the Rev. J. F. Blake noticed 
many small red depressions on the rocks, which proved to be easts of Dentalian 
Foraminifera. The cliffs round Alierystwith show the beds to Ik* wonderfully 
contorte<l, and to be dipping westwards towards the sea. Further east 
workable slates occur at Devil's Bridge, Corris, Tregaron, Str»ita Florida, 
Goginan, &c. ; there the great mass of Plinlinmion (2,481 ft.) is formed of 
another group of gr)t-l)ed8, with some quartz conglomerates. 

At Gogofau, near Pumpsant, in Carmarthenshire, there are qwirtz veins in 
hard Caradoc grits, which were worked for gold in the time of the Romans ; 
several gold ornaments, including a l>eauti fully-wrought gold necklace, have 
been discovered here. 

The Lower Silurian rocks of Mid- Wales are rich in the ores of several 
huml)ler minerals ; the returns for 1877 show : 

Cardigan. Copper ore, 127 tons, value ;^583; lead ore, 5,850 tons (con- 
taining 47,284 ozs. of silver), value ;f 79,244 ; zinc ore, 588 tons, value 
;f2,204. 
Carmarthen. — ^Lead ore (from Rhandir Abl)Ot, near Llandovery) 687 tons 
(silver, 2,064 ozs.), value ;£8,2i6. 
ITppER Silurian. - The strata of this division rest imconformably on the 
lower rocks. First we find the Upper Llandovery Beds (or May Hill Sandstone), 
grey and yellowish sandstones, 800 feet thick, seen in Marloes Bay (west of 
Milford Haven) ; a long, narrow strip crops out east of the town of Llandovery, 
and a similar outcrop is found 5 or 6 miles west of Builth. 

The Tarannon Shales. — These are pale-coloured, or purple unfossiliferous 
shales and slates, which rest on the May Hill Sandstone in the localities alx)ve 
named. 

The Woolhope Beds are well developed in Radnorshire; at Corton nejir 
Presteign, at Nash Scar, and near Old Radnor, the Woolhope Limestone is seen 
as a thick and massive, sometimes subcrystalline rock; the eruptive trap rocks 
which form the hills of Hanter, Worsel, Stanner, and Old Radnor, have meta- 
morphosed the limestone. The latter rock is largely quarried, for there is no 
other calcareous bed between this region and the coast-line of Cardigan. 
Among fossils, the Barr trilobite (lUanus Barriensis), and shells, crinoids, and 
corals, are frequently met with. 

Wenlock Beds. — These are thick beds of shale, traceable from south of 
Llandeilo, in a long narrow strip (i to 4 miles wide), past Myddfai, Builth, 
and thence to Newtown : they dip to the south-east. 

Ludlow Beds. —These are also shales, with a band of concretionary lime- 
stone (Ajrmestry limestone), passing up into fine-grained sandstones. They 
form the surface of the eastern half of Radnorshire. 

Old Red Sandstone.^ — The passage from the Silurian beds into the rocks 
above, is marked by a change in the colour of the rocks from grey to red. The 
strata we have now to describe consist of red, yellow, and chocolate-coloured 
sandstones, red marls, and irregular layers of sandy concretionary limestone 
called cornstones, the total thickness being alwve 10,000 feet. The " Old 
Red " forms the greater part of the counties of Hereford and Monmouth ; it 
enters Brecknockshire from the east, forming all the surface from Crickhowel 
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to Hay, Talgarth, Brecon, and Mynydd Epynt, rising in the Brecknock Beacons 
to a height of 2,862 feet ; passing out of Brecknock the outcrop narrows 
rapidly, and runs as a band 3 or 4 miles wide by Detwydd to the mouth of the 
Towy, and thence to Narberth. All along this line from east to west — viz., from 
Crickhowel to Narberth — the Old Red Sandstone dips to the south and dis- 
appears under Gftrboniferous rocks ; passing underneath the entire coal-field 
of South Wales it rises up again on the south, but here its continuity is 
broken by the sea ; we find it running east and west of Milford Haven, form- 
ing the south half of Caldy Island ; passing across the centre of the peninsula 
of 6K>wer (from Burry Holmes to Oxwich Bay), and then patches of it crop 
out from near Bridgend to Cardiff, whence it passes to the main mass in 
Monmouthshire. 

At Skrinkle Haven and West Angle on the coast of Pembroke, the passage 
upwards from the Old Red Sandstone ta the Carboniferous Limestone is ex- 
cellently displayed ; the two formations are evidently quite conformable, 
shales, sandstones, and limestones alternating in turn at the junction. 

In the great thickness of red beds, fossils are far from common ; perhaps 
the presence of oxide of iron (which tinges the rocks red) was inimical to 
life ; scales, plates, and spines of ganoid fishes, with obscure plant-markings, 
are all the remains of life which the Welsh Old Red has yielded, and they 
favour the idea generally held, that the beds are of fresh-water origin, having 
been deposited in ^eat lakes or estuaries. 

Carboniferous Formation. — The famous coal-field of South Wales occu- 
pies I, OCX) square miles in the south of the principality. It lias a length 
from west to east of 85 miles, between St. Bride's Bay in Pembroke and 
Pontypool in Monmouth, and the extreme breadth from north to south is 20 
miles. In form it is somewhat like a pear, with the narrow end to the west ; 
a pear, too, out of which the sea has taken great bites, as witness the large 
openings of Carmarthen Bay and Swansea Bay. 

Carboniferous Lwiestone. — This well-known blue or grey, tough, compact, 
semi-crystalline rock, forms at the surface a rim round the entire coal-field, 
except at the extreme western end in Pembroke, where both Limestone and 
Millstone Grit are absent (or have parted with their usual characters), and 
where consequently the Coal-measures rest directly upon Silurian rocks ; below 
the surface the limestone underlies the whole coal-field ; all the colliery pits 
would if continued downwards at last enter it. It is finelv seen in the bold 
coast cliffs near Stackpole, where it is much contorted. The thickness of the 
Carboniferous or Mountain Limestone varies from 500 to i,cxx> feet; it is 
largely quarried to use as a fiux in the iron-furnaces, and for building and 
burning into lime ; it also contains valuable deposits ot iron-ore (hematite) 
and lead-ore (galena). The amount of brown nematite raised in 1877 was 
77,320 tons, valued at ;^3947i ; of this amount 49,084 tons were from the 
Mwyndy mine : of ochre 295 tons were raised at the Grarth iron mine. 

Two or three outliers mark the former extension of the Carboniferous rocks 
far to the north of the coal-basin ; chief of these is Pen Cerrig Caleb, 
north of Crickhowel, a grand isolated hill of Moimtain Limestone capped 
with Millstone Grit. 

The Millstone Grit is a coarse sandstone — the " Farewell Rock " of the 
miners, who know that it marks the base of the workable seams of coal. 
Accompanying the Carboniferous Limestone, it forms, like that rock, a rim or 
edge all round the coal-field. It is best seen on the north crop from Kid- 
welly, eastwards by Cross Inn, to Penderyn : here it forms a table-land in 
which rivers rise and run southwards to the sea, cutting deep north and south 
valleys across the coal-field, their original direction having been determined 
by numerous faults which cross the district in the same direction. After 
sweeping round the Blorenge and passing east of Pontypool the Millstone 
Grit is seen only at intervals on the south crop, as soutn of Caerphilly and 
north of Bridgend : its thickness varies from 250 to above 1,000 feet. 

BB 
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The CaU'Measures. — These are of enormous thickness — perhaps above 
10,000 feet. They are divided into an upper and a lower series, separated bj a 
great thickness of sandstone, called the Fennant G-rit. Owing to the basin- 
shaped arrangement of the beds, which distinguishes more or less all our 
coal-fields, the Upper Coal-measures occur in the centre of the district, while 
the lower beds crop out both to the north and south, between these upper 
central strata and the Millstone Grit. Two great undulations of the strata 
(anticlinal axes) have been traced, one running from Risca to Aberavon, and 
the other from Cwm Neath to Kidwelly ; the effect of these folds is to 
bring up the Lower Coal-measures within a workable distance of the sur- 
face. Tne lower Coal-measures are rich in coal and ironstone, and contain 
numerous marine shells and entomostraca, which have been diligently col- 
lected by Dr. Bevan, and by Mr. W. Adams, F.G.S., the eminent mining 
engineer of Cardiff. 

In the Upper Coal-measures, whose base is marked by the Mynyddisllwyn 
coal, only plant-remains are found, together with the shell Antkracosia, which 
resembles a small fresh-water mussel. 

There are 25 coal-seams above 2 feet in thickness, giving a total thickness 
of 84 feet of workable coal ; and the quantity of coal which it is possible to 
get, may l>e estimated at 30,000 millions of tons, which at the present annual 
rate of consumption, will last for about 2,500 years. 

The change in the character of the coal-seams in passing from east to west 
is well known. At the eastern end of the basin, near Pontypool, &e., the coals 
are chiefly bituminous and make a very superior coke, continuing so to 
Rhymney, between which and Dowlais a slight change takes place, becoming 
more marked at C3rfarthfa, where the seams become anthracitic ; this quality 
continues through Hirwaun Common, the head of the Neath Valley, across to 
Ynyscedwin in the Swansea Valley, the Twrch Valley, and thence to Mynydd 
Mawr and the Gwendraeth ; at the two latter places anthracite of a very pure 
quality is worked for hop and malt drying, distillery purposes, &;c. ; further 
west in Pembroke all the coal is anthracitic. Now ordinary or bituminous 
coal, becomes converted into anthracite or stone coal, by the loss of its gaseous 
constituents ; whose removal may be effected by heat from below, together 
with disturbance of the strata, by which fissures or faults allowing the gases to 
escape are produced. Dislocations of this nature are numerous in Pembroke- 
shire, and it is possible that masses of igneous rocks may exist beneath this 
western area, of whose presence the alteration of the coal-seams is an indication. 

The following table shows the amoimt of coal raised in the South Wales 
Coal-field in 1877 :— 
No. of Collieries. County. Tons of Coal. 

268 Glamorganshire 11,889,600 

3 Brecknockshire 141,885 

10 Pembrokeshire 76,400 

44 Carmarthenshire 526,450 

116 Monmouthshire 4,350,785 

Of iron-ore from the beds of clay iron-stone (carbonate of iron), which are 
numerous in the Lower Coal-measures, the amount raised in 1877 was 367,316 
tons, valued at ;f 220,390 ; a considerable quantity of fire-clay was also raised. 

All the great iron-works as Risca, Pontypool, Blaenavon, Ebbw Vale, 
Merthyr Tydvil, and Aberdare, stand upon the Lower Coal-measures, situated 
most favourably with the coal and iron around and beneath them, and the 
Mountain Limestone within a very short distance. 

The Trias. — ^There is very little of this formation in South Wales. 
Patches of Dolomitic Conglomerate lie west of Cardiff near Newton Nottage, 
Coychurch, St. Pagans, and Llandaff ; these are overlaid by Keuper Bed Marls, 
which are also seen at the base of the cliffs near Penarth. 

In the conglomerate at Newton Nottage, Mr. T. H. Thomas detected in 1878, 
and Mr. Sol^ has described imder the name of Brontozoum Tkowasi, some 
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gigantic three-toed footprints made either by some great bird like the emu, 
or )>y some strange and now extinct reptile ; the slab has been removed to the 
Cardiff Museum. 

The RoiETic Formation. — The cliffs between Penarth and Lavemock 
expose the finest British section of the grey marls and black shales, which 
constitute the Khsetic I^eds. At the base, at Penarth Head, are the strikingly 
coloured red marls of the Trias ; then come the grey or ** tea-green " Rhsetic 
Marls, 28 feet thick, surmounted by black shales 24 feet thidc, which con- 
tain the famous 1)one-bed, a hard sandy layer full of teeth, scales, bones, &c., 
of fishes and reptiles. Above these as we walk towards Lavemock we see the 

White Lias Series, 18 feet thick, composed of grey and brown sandy shales, 
with irregular beds of limestone. Fossils are very numerous, including the 
shells Avicvla coutorta, Cardium Rhaticum, &c., and the pretty star-fish, 
Cfphiolepis Damesii (rare). 

The Liar. Lower Lias shales and limestones lie upon the Khsetic beds on 
the south coast of Glamorgan, from Penarth, westwards past Barry Island, 
Aberthaw, and Dunraven Castle, to the mouth of the river Ogmore, and run 
inland as far as Cowbridge, where they rest upon the upturned edge of the 
Carboniferous Limestone. The Lias is, in this district, close to its ancient 
shore-line, and at Sutton and Southemdown it becomes a conglomerate formed 
of limestone pebbles, representing an ancient beach. From quarries at Bro- 
eastle, Llanbethian, Laleston, Bridgend, Ewenny, &c., Mr. C. Moore has 
obtained more than fifty species of corals, with many shells, Aimnonites pla^ 
nnrbis, A. angvlatus. A, Bucklandi, ^-c. The Lias limestones are worked in 
this district to make cement, &c. 

Surface Deposits. — 77ie Glacial Period. — The traces of the former presence 
of glaciers are not so clear and abundant in South as in North Wales ; for 
this the nature of the rock-masses, the minor elevation of the land, and its 
position further south are mainly accountable. "There are well-marked 
grooves or striations of a glacial character on the rocks of the coast of Pem- 
broke at Trwyn-hwrddjm, Porth-clais, and Pel-dal-deryn. Boulder-clay with 
ice-scratched stones is common, and chalk-flints mingled with stones native 
to the district are not uncommon on the mainland and in Bamsey Island. 
Flints are also found in quantity, mingled with ice-scratched erratics,'all along 
the low ground of Glamorganshire north of the Bristol Channel between 
Cardiff and Bridgend, and boulder-clay is indeed common, here and there, all 
over South Wales." Large boulders of Millstone Grit (known as " Arthur's 
Stone ") and of Old Red conglomerate are numerous on the peninsula of Gower. 

The Raised Beaches and Submerged Forests which occur at several points 
on the coast-line mark oscillations of the land since the Glacial Epoch. 

Prehistoric Man. — Probably the earliest traces of human habitation of 
this region are the stone implements found below the present floors of the 
caves in the Carboniferous Limestone of Gower and Pembroke. 

The numerous caves of Gower were explored by Col. Wood and Dr. Fal- 
coner in i860 : here, beneath layers of stalagmite, great numbers of bones of 
extinct species of mammals — as the mammoth, long-haired rhinoceros, cave 
lion, cave bear, hyaena, &c., were found, together with flint flakes and a very 
fine flint arrow-head. 

The caves near Tenby and on Caldy Island gave almost precisely the same 
evidence ; they were explored in 186$ by Mr. Smith, of Gumfreston, and the 
Rev. H. H. Winwood. 

Of stone tools found elsewhere, we may note a polished celt, or axe-head, 
found at Cardiff, and now in the British Museum ; it is 4^ inches long, but 
appears to have been worn down by much use, and to have been re-ground : a 
very similar specimen was found at Melyn Works, Neath. A remarkable 
stone axe-head, made of some felspathic rock, and perforated for a handle, 
occurred at Llanmadock in Gower, and is now in the Museum of the Royal 
Institution at Swansea. 
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The method by which holes were bored in those days is illustrated by a 
highly-polished siliceous stone, pointed at each end, which was found in the 
ruins of St. Botolph*s Priory, Pembrokeshire : close to it lay a water^worn 
pebble, in which a hole had been bored to the depth of half-an-inch, appa- 
rently by friction with the pointed end of the other stone : lastly, a flint 
flake or knife was found in a barrow (burial-mound) near Hay, Breconshire. 

To go back to the period when metals were unknown in this country, and 
when the only tools used by the savage tribes who then inhabited South 
Wales were made of stone, bone, or wood, we should have to pass over an 
interval of time of great duration. Of the later or ** Bronze Age," to which the 
earliest metal objects belong, there are scanty traces in this district ; while 
of antique iron objects few or none have been foimd ; and, indeed, this is what 
we should expect, for while stone, if imdisturbed, is practically indestructible, 
iron rapidly rusts away under the influence of air and moisture. 
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GLOSSARY OP GEOLOGICAL TERMS, 



Abnormal. — Not regular or usual. 

Aerial. — Relating to the atmosphere. 

Agglomerate. — An accumulation of 
rock-fragments which have been 
ejected from a volcano. 

ALGiE. — Seaweeds. 

Alluvium. —Matter washed down by 
rain and rivers: as river-gravels, 
lake-deposits, the material which 
forms oeltas, &c. 

Aneroid.- -A peculiar kind of baro- 
meter (usually of alxtut the size and 
form of a watch^, consisting of a 
metallic l)ox partially exhausted of 
air and provided witli a thin flex- 
ible lid. This lid rises and falls 
(and so moves an index hand) ac- 
cording as the pressure or weiglit 
of the air diminishes or increases. 

Anthracite. — A hard, compact and 
stony coal ; almost pure carbon. 

Anticlinal. -Dipping in opposite 
directions, like the two sides of an 
ordinary house roof. 

Aqueous. - Formed by or in water. 

Arenaceous.— Sandy ; composed of 
grains of sand. 

Archipelago. — A cluster of islands. 

Argillaceous. — Clayey ; composed of 
clay. 

Atmospheric. — Belonging to the at- 
mosphere. 

Attrition. — Wearing away by rub- 
ing or friction. 

Auriferous. — Containing gold. 

Axis. — A central line. 

Basin. — A set of beds resting one 
upon the other and all dipping to 
a common centre. 

Basset. — Or out-crop. 

Bed. — A layer of any kind of rock. 

Bind. — A tough clayey shale. 



Bitumen. — Mineral pitch or tar. 

Bituminous. -Containing or yielding 
bitumen. 

Black-Band. — A kind of clay iron- 
stone containing sufficient carbon 
to calcine itself. 

Boss. — Any rounded or projecting 
mass of rock. 

Boulder. — Any large, usually 
rounded, mass of stone which has 
l>een transported from a distance 
by the agency of ice. 

Bkachiopoda. —Bivalve shells ; one 
valve usually larger than the other, 
and perforated for attacliment to 
the rocks: in the interior are two 
loops or spiral processes to which 
fleshy arms were attached. 

Bog. — A wet spoiigy moniss composed 
of peat or other decaying vege- 
table matter. 

Brackish. — Water wliich is only 
slightly salt. 

Break. — An interval of time unre- 
presented by any deposit. 

Breccia. — A rock composed of 
anffidiir fragments cemented to- 
gether. 

Cainozoic. — The third, and latest 
formed, of the three great series of 
stratified rocks ; includes all beds 
in which fossils of still existing 
species are found. 

Calcareous. — Composed of, or con- 
taining lime. 

Calc-Spar, Calcite. — Crystallised 
carbonate of lime. 

Carboniferous.— Coal bearing ; yield- 
ing coal. 

Cephalopoda. — The highest division 
of the mollusca,. including the 
nautilus, ammonite, &c. 
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Chalybeate. — A term applied to 

water holding iron in solution. 
CiiiiORiTic. — Containing green grains. 
Chert. — An impure variety of flint. 
Clay Ironstone. -An impure car- 

lx)nate of iron. 
Cleavage. — A structure produced in 

some rocks, especially sbites, in 

consequence of which they will 

split into thin plates independent 

of the planes of bedding; it is 

due to great pressure. 
Cluncii. — A tough coarse clay. 
CoNciioiDAL. -Shell-like : applied to 

the curved surfaces which some 

rocks exhibit when broken. 
Concretions. — Rounded lumps or 

nodules of any mineral matter. 
Conformable. -When successive beds 

of rock lie parallel one to another. 
Conglomerate.- A rock formed of 

rounded pebbles cemented together. 
Contemporaneous. — Formed at the 

same time. 
Contortions. — "When rocks are 

abruptly bent or folded they are 

said to be contorted. 
CopROLiTES. — Properly, the petrified 

dung of any animal. 
Crop. — Where a bed of rock comes 

to the surface. 
Crustacea. — Animals such as the 

crab and lobster which have a 

hard external covering divided into 

segments. 
Culm. — Impure shaly coal or an- 

thracitic shale. 
Debris. — Any loose material result- 
ing from the waste of rocks. 
Decomposition. -A breaking up or 

separating. 
Delta. — The alluvial land formed at 

the mouth of many rivers. 
Denudation. — The wearing away of 

rocks so as to lay bare others that 

lie beneath them. 
Deposit. — Any matter such as mud, 

sand, &c., which has settled down 

from suspension in water. 
Detritus. — Matter worn off or 

rubbed from rocks, as gravel, 

mud, &c. 
Dip. — The amount (measured in 

degrees) by which any stratum 

deviates from a horizontal position. 
Disintegration.— Breaking up of 

rocks by frost, rain, &c. 
Drift. — Matter which has been 



carried along; usually applied to 
deposits which have been trans- 
ported by ice, as the glacial drift. 

Dyke. — The wall-like intrusions of 
igneous rocks which are frequently 
seen cutting across other strata. 

Epoch.- -A period of time ; age or 
era. 

Erosion. — A wearing away. 

Erratics or Erratic Blocks. — Rocks 
which have been transported from 
a distance, generally by ice. 

RscARPMENT. — The steep slope of a 
line of hills formed by the outcrop 
of some hard rock bed. 

Estuary. — The wide tidal mouth of a 
river. 

Fault. — Any break in the continuity 
of a bed of rock. On one side of 
the crack, fissure, or fault, the beds 
have been elevated (upthrow side), 
and on the other depressed (down- 
throw side). The inclination or 
slope of a fault is almost always 
towards the downthrow side. 
Faults are the result of movements 
of the earth's crust whereby strata 
have been fractured and displaced. 

Fauna. -The entire group of animals 
of any region or epoch. 

Felspatiiic. — Containing much fel- 
spar. 

Ferruginous. — Containing iron ; 
usually red or rusty in appearance. 

Fire-Clay. — Clay which contains no 
alkalies, and which can, therefore, 
resist great heat without melting. 

Fissile. — Splitting into thin plates, 
as slate. 

Flora. — The plants of any region or 
epoch. 

Fluviatile. — Formed or deposited by 
a river. 

Fluvio-Marine. — Deposits formed in 
or near estuaries, and, therefore, 
containing both fresh water and 
marine fossils. 

Formation. — Any set of strata which 
have their principal characters, as 
shown by age, fossils, &c., in 
common. 

Fossil. — The remains or traces of any 
animals or plants which by natural 
processes have become embedded 
in rocks. 

FossiLiFEROUS. — Containing fossils. 

Friable. — Easily crumbled or broken 
into powder. 
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Genera. — Plural of genus. 

Gb5U8. — A kind ; any set of animaln 
OP plants which closely resemble 
one another. 

Geodb.- A hollow nodule, usually 
containing crystals. 

Gorge. — A narrow rocky valley with 
steep sides. 

Grit. — A coarse or sharp sandstone. 

Hone. — A whetstone; stone for 
sharpening tools. 

Horizon. — The line where sky and 
sea (or earthy appear to meet : also 
applied to tne particular level or 
position in a formation at which 
any given fossil usually occurs 

Hydraulic Cement. — A cement which 
sets or becomes hard under water. 

IcHTiiYODUROLiTE. — Fossil fiu-spines 
of fishes. 

Igneous. — Fire-formed. 

Ix Situ. — In its natural position. 

Intkrcalateu. — Placed between or 
interposed. 

Interstratifieu. — Occurring between 
other strata. 

Intiiusive. — Thrust or forced in. 

Joints. — The natural cracks or fis- 
sures by which all rocks are more 
or less divided into blocks. 

Lacustrine. — Belonging to or formed 
in H lake. 

Laminated. — In very thin layers. 

Lenticular. — Shaped like a double 
convex lens. 

Ix>AM. A mixture of sand and clay. 

Marl. - A limy clay. 

Matrix. — The rock in which any- 
thing, as a fossil or a crystal, is 
embedded. 

Mesozoic. — " Middle Life ; " the name 
of the second great division of the 
stratified rocks. 

Met AMORPHIC. — Altered or changed 
in form or structure. 

Micaceous. — Containing much mica. 

Moraines. — The stony material or 
detritus brought down by glaciers. 

Neve. — A mass of snow partly con- 
verted into ice; forms the upper 
part of glaciers. 

Nodule. -Any lump or concretion of 
mineral matter. 

Ore.— Mineral matter from which 
some metal can be obtained. 

Organic. — Produced by or having 
orgjins ; includes the vegetable and 
animal kingdoms. 



Outcrop. — The line where any 
stratum rises to the surface ; 
called " basset " by miners. 

Outlier. — A fragment of any forma- 
tion which has been separated 
from the main mass by denudation. 

Overlap. — The extension of upper 
beds over and beyond lower ones. 

Parting. A thin bed not above a 
few inches in thickness. 

Perched Blocks.— See Erratics. 

Percolate. — To pass or filter through 
a porous substance. 

Petrify. —To convert into stone. 

Petrology. — The science which 
studies rocks. 

Plutonic. — Igneous rocks which have 
cooled at great depths and under 
great pressure, as granite, syen- 
ite, &c. 

Porphyry. — Any igneous rocks which 
contain large crystals embedded in 
a compact matrix. 

Kavine. A deep narrow valley with 
precipitous sides. 

Rock. Used geologically for any 
materials which form part of the 
crust of the earth, whether hard 
or soft. 

KuBBLE. —A mass of loose angular 
stones. 

S<ARP. — A steep precipitous face of 
rock. 

Schist. A metamorphic foliated rock 
more or less fissile. 

Section. Any exposure of rocks, 
whether natural or artificial. 

Sediment. — Matter which has settled 
down from suspension in water. 

Septaria. — Nodules of impure lime- 
stone or ironstone crossed by 
cracks, filled (usually) with calcite. 

Shale. — Hardened laminated clay. 

Silica. — The oxide of silicon ; forms 
quartz, fiint, sand, glass, &c. 

Slickensides. The polished striated 
appearance often presented by 
the sides of faults, caused by 
friction. 

Species. A set of individuals (ani- 
mals or plants) so nearly alike 
that they all may have sprung 
from one parent. 

Stratum (pl. Strata).- A layer or 
bed of rock. 

Stratified. — Arranged in layers. 

Striated. — Finely grooved, or 
scratched. 
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Strike. — A line on the surface of any 

bed drawn at right angles to the 

dip. 
Sub-Aerial. — Under the air ; in the 

atmosphere. 
Sub-Aqueouh. — Under the water. 
Submarine. — Under the sea. 
SuBMERGEMCE. — A sinking under 

water. 
Subsidence. — A sinking or settling 

down. 
Superficial. — Near or on the surface. 
Superposition. — Resting one above 

the other ; in regular order. 
Synclinal. — Appli^ to beds of rock 

which dip from opposite directions 

inwards to a common centre. 



Synchronous. — Occurring at the 
stfme time. 

System.— See Formation. 

Till. — A Scotch term for boulder 
clay. 

Unconformable. — Not parallel one 
to another; the lower and older 
rocks having been disturbed, tilted 
or erodcMl before the upper strata 
were deposited upon them. 

Watershed. — The line which sepa- 
rates two river^basins or drainage 
areas. 

Weathering. — The wasting away of 
rocks by the action of the weather. 

Wheal. — A corruption of " Huel," 
the Cornish word for " mine.*' 




**, 



k 



I 









■ ^ . '■■•;. 



■ I - 



